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ANNOTATION

This collection of works is based on reports that were read at the Second All-Union
Seminar on Geophysical Holography and Opticoelectronic Methods of Processing Geolo-
gical and Geophysical Information, which was held in Gelendzhik in 1979.

The main theme of the collection is the use of the principles of holography in geo-
physical investigations, the processing of large masses of geological and geo-
physical information, and the creation of new instruments and devices for the
opticoelectronic processing of geological and geophysical materials. Along with
summary reports with this theme, there are discussions of specific methods and re-
sults. The material presented in the articles is of great value for the development

_ of projects provided for in the national economic plan and the interdepartmental co-
ordinating plan for geophysical holography, and it enables specialists in geophysics
and geology to become acquainted with the new possibilities offered by holography
and optical information processing methods in problems of searching for and

surveying useful minerals, and also has the purpose of attracting the attention of
specialists in other areas of science and technology to these important problems.

1
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FOREWORD

The complexity of the problems to be solved during geological surveying work aimed
at various types of mineral raw materials requires an increase in the effectiveness
of geophysical surveying methods that is based on the use of contemporary achieve-
ments in physics, mathematic and the technical sciences. Good prospects in this
©ield are related to the use of the principles of holography and the processing of
tr.e information obtained by opticodigital computer complexes.

The first projects in this field, which were carried out in various organizations
belonging to the USSR Ministry of Geology, the Ministry of the Gas Industry, the
Ministry of Higher and Secondary Specialized Education and the USSR Academy of
Sciences, indicates the possibility of using the basic principles of holography in
the solution of geophysical surveying and geological problems. The results that
have been obtained make it possible to hope for success in the utilization of geo-

- physical holography and the opticoelectronic processing of original data for the so-
lution of practical problems.

This collection of works consists of reports that were given at the Second All-Union
Seminar on Holography and the Opticoelectronic Processing of Geological and Geo-
physical Information, which met at Gelendzhik in 1979 under the auspices of the
Southern Branch of the USSR Academy of Sciences' Institute of Oceanology. The ma-
te.ials published in it will help attract specialists to problems, the solution of
which is of great national economic importance.
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T UDC 550.834
GEOPHYSICAL HOLOGRAPHY AS A NEW FIELD IN THE INVESTIGATION OF GEOLOGICAL OBJECTS

Leningrad GOLOGRAFIYA I OPTICHESKAYA OBRABOTKA INFORMATSII V GEOLOGII in Russian
1980 (signed to press 19 Nov 80) pp 4-8

[Article by 0.A. Potapov from collection of works "Holography and Optical Informa-
tion Processing in Geology", edited by Professor S.B. Gurevich and Candidate of
Technical Sciences 0.A. Potapov, Leningrad Physicotechnical Institute imeni A.F.
Ioffe, USSR Academy of Sciences, 500 copies, 181 pages]

[Text] The author elucidates on the problems that it is neces-
sary to solve in the near future for the purpose of improving the
accuracy and effectiveness of the study of geological objects by
geophysical methods. He describes the structure of the basic di-
rections of the work being done in the field of geophysical ho-
lography, which has been called upon to take up the challenge of
solving part of the complex problems involved in geological ex-
plorations for the purpose of finding various types of mineral
raw materials. He also points out the importance of creating
hlghly efficient OpthOdlgltal complexes for the accelerated pro—
- cessing of ever-increasing volumes of information.

The rapid development of the USSR's national economy requires the creation of a
strong material and raw material base, in connection with which a special urgency
is attached to integrated geological and geophysical investigations aimed at the
solution of the important national economic problems formulated by the 25th CPSU
Congress for the purpose of improving the quality and effectiveness of geological
prospecting for gas, oil and other types of mineral raw material.

For the successful solution of the problems set before the branch in the area of
supplying the USSR's national economy with mineral resources--fuel and energy raw
materials, in part1cular——1t is necessary to expand the utilization of progre351ve
geophy51ca1 methods in geological surveying work and provide a considerable im-
provement in the scientific and technical level and effectiveness of geophysical
irvestigations that is based on the use of the latest achievements in physics,
mathematics and the technical sciences. One of the important and promising areas
for the further development and improvement of geophysical research is the develop-
ment and introduction into production work of methods and systems for the excita-
tion, registration and processing of wave fields (seismic wave fields, in particu-
lar) for the purpose of modeling (visualizing) studied objects on the basis of an
analysis of an entire wave field and its amplitude and phase characteristics. This

3
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branch of science has received the name "geophysical (seismic, acoustic, electro-
magnetic) holography."

Geophysical holography is a new and higher stage in the development of wave methods
for exploration geophysics, which are distinguished by their extremely good resolu-
tion. This concept encompasses a broad circle of theoretical and experimental
problems in geophysical research: the development of a theory for the recovery of
objects exposed to a wave field; the creation of efficient, nonexplosive sources of
wave energy; the development of techniques, equipment and technology for field ob-
servations, systems for processing and interpreting the information that is ob-~
tained, and facilities for the visualization of objects that are being studied. It
is obvious that when developing the fundamental principles of geophysical holog-
raphy, we must take into consideration and use (with the appropriate modifications)
the methods and achievements of optical holography. At two interdepartmental con-
ferences on geophysical holography that were held in 1978 and 1979 on the instruc-
tions of the Presidium of the USSR Academy of Sciences, the importance, promise,
great national economic value and the high economic effect expected from the intro-
duction of achievements in the field of geophysical holography were emphasized. In
these conferences an extensive, integrated program for the development of projects
in this field was prepared with the participation of many ministries and depart-
ments. This program was used as the basis for the formulation and discussion of
the interdepartmental coordinating plan of work to be done during the 1980-1990
period and the "Physics--to the Depths of the Earth" program.
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Figure 1. Structure of the basic directions of work being done in the area of
geophysical holography: 1. development of theoretical principles of the use of
seismic (a), acoustic (b) and electromagnetic (c) fields; 2. modeling of pro-
cesses: mathematical (a) by computer calculations, physical (b), utilizing the
principles of optical holography; 3. development of sources of seismic (a),
acoustic (b) and electromagnetic (c) emergy; 4. development of equipment for
recording seismic (a), acoustic (b) and electromagnetic (c) fields; 5. creation
of efficient field visualization devices: analog (a), digital (b) and three-
dimensional (c) representations; 6. development of methods for observing and
recording wave fields: land (a), sea (b) and aerial (c) variants; 7. process-
ing of large amounts of information: creation of high-speed (a) systems for
rapid field processing on the basis of opticodigital devices (d), creation of
expedition-level computer complexes (b) based on opticoelectronic (e) and
opticodigital (f) systems, creation of regional-level computer centers (c) us-
ing powerful computers (g), special high-speed optical processors (h) and opti-
cal displays (i).
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From the structure of the basic directions of work being done in the field of geo-
physical holography that is presented in Figure 1, it follows that in the overall
cycle of necessary developments, an important place is given to the creation of

. highly efficient optical, opticoelectronic and opticodigital equipment, both for
the recording of wave fields and the solution of physical modeling problems and for
the processing of data gathered during field observations. This is no accident,
since the practical utilization of even normal geophysical profile observations
demonstrates that the opticodigital area has acquired great urgency in relation to
the processing of large masses of information [1-3], as has the creation of spe-
cialized seismoholographs [4]. The simplicity of such devices, as well as their
portability, low cost and economy of operation makes *his area one of primary im-
portance.

Based on the work -experience that has been amassed to date, it is possible to say
that the solution of problems in geophysical holography by computers may give more
accurate results, but it requires the use of powerful computers and the development
of peripheral equipment, and will be accessible only in large, regional, depart-
mental computer centers after the creation of the appropriate software, specialized
processors, displays and other devices to use with a computer. At the present time
it is a well-known fact that despite the explicit successes that have been achieved,
the development of facilities for the automated processing of geophysical and (in
particular) geological information on the basis of computers continues to lag be-
hind the growing branch requirements. Scientific and technical progress in geology
and exploration geophysics is making ever greater demands on the speed, efficiency
and timeliness of the processing of large masses of data and is forcing us to look
for new ways to solve the problems with which we are faced. In connection with
this, it is advisable to develop and build expedition-level high-speed optico-
digital systems that have a large optical (holographic) memory capacity and the ca-
pability to carry out parallel procedures, and that are distinguished by a rational
distribution of the processing operations between electronic and optical computers.
The presence in such complexes of a coherent optical processor, the appropriate
matching devices and systems for the operational input and output of half-tone in-
formation will insure the rapid processing of geological and geophysical materials
of different types.

The projects in progress at the present time make it possible to state that we have
all the capabilities for the realization in the near future and the introduction
into production work of highly efficient opticodigital complexes that are able to
operate under both statiumary conditions at expedition bases and field conditions,
as well as on board scientific research ships. The cooperation of several organi-
zations subordinate to the USSR Ministry of Geology, the Ministry of Higher and
Secondary Specialized Education, the USSR Academy of Sciences and other departments
is contributing to the successful realization of the program of projects that has
been planned in this field. The work is being coordinated by the USSR Ministry of
Geology's "Soyuzgeofizika" Scientific Production Association. The practical reali-
zation of the plan for geophysical holography as a whole requires the enlistment in
this work of additional organizations that have mastered the :contemporary achieve-

- ments in the fields of physics, mathematics, cybernetics, instrument building and

: production technology.
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UDC 550.834
ARCHITECTURE OF AN OPTICODIGITAL COMPUTER COMPLEX WITH A COMMON MAIN MEMORY

Leningrad GOLOGRAFIYA I OPTICHESKAYA OBRABOTKA INFORMATSII V GEOLOGII in Russian
1980 (signed to press 19 Nov 80) pp 9-15

[Article by A.M. Kuvshinov, 0.A. Potapov and R.G. Tazitdinov from collection of
works "Holography and Optical Information Processing in Geology', edited by
Professor S.B, Gurevich and Candidate of Technical Sciences 0.A. Potapov, Leningrad
Physicotechnical Institute imeni A.F. Ioffe, USSR Academy of Sciences, 500 copies,
181 pagesl

[Text] The authors discuss the problem of organizing optico-
digital complexes for the accelerated processing of geological
and geophysical information. They propose a system with a common
main memory that meets the contemporary requirements for the or-
ganization of computer systems. They also present specific plans
for comnecting a coherent optical processor to a YeS-22 computer.

The need for efficient processing of large masses of seismic information makes the
practical realization of opticodigital computer complexes (OTsK) ever more urgent.
An analysis that we made of methods of combining optical (OVM) and digital (TsVM)
computers enabled us to draw the conclusion that the most realistic way of inte-
grating a TsVM and an OVM at the present time is the creation of multimachine,
directly connected computer systems [l]. After a discussion of the two types of
directly connnected systems--through a common area in the main memory and through
the input-output channels--we selected coupling through the input-output channels.

Basically, the choice of this principle for the physical organization and practical
realization of the OTsK was the result of the contemporary level of development of
OVM's and memory systems that would make satisfactory OVM's and TsVM's as far as
operating speed and capacity are concerned. At the present time, a YeS-series TsVM
has a main memory (OP) with a capacity of 0.25-0.5 Mbytes, although on the basis of
its architecture it can have an OP with a capacity of 16 Mbytes [2].

In connection with the already begun industrial productiorn of solid-state, large-
capacity memory elements that are small in size but have the required capacity,
the possibility of using them to create a large-capacity 0P appeared to be quite
real. o

There are examples of the construction of an OP based on solid-state elements that
has a capacity of 1 M bits and is contained 6n a single plate [3-5].
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A high-speed, large-capacity OP makes it possible to build an OIskK according to a
better principle of physical organization; namely, the principle of directly con-
nected systems with a common OP. ’ »

In this case the jointly used part of the OP plays the role of a "post office box"
for the exchange of information between the computers. One of them places some in-
formation in the "post office box" and signals the other that this has been done.
After receiving the signal about the readiness of the information, the second com-
puter can then use it in its work.

The advantage of the coupling of the OVM and the TsVM through the memory line over
coupling through input-output lines consists of the following elements:

the information exchange speed is increased and the exchange program is simplified;
during multiprogram work the TsVM does not waste its memory resources on the stor-
age of large masses of information;

when there is down time, the OVM and TsVM can use the common OP for their own needs,
thereby increasing their own productivity;

when checking the results of the optical processing of information, the TsVM does
not have to take into comsideration all of the prepared information, but can con-’
sider only a few nodal points by checking the results of filtration, while in the
case of coupling through input-output lines, the TsVM is obligated to take all the
prepared information into its own memory. This operation makes it possible to
achieve a considerable reduction in the amount of time needed to select the re-
quired optical filters;

it is necessary to synchronize the operation of the TsVM and the OVM, which makes
it possible to operate the OVM with analog-to-digital (ATsP) and digital-to-analog
(TsAP) converters with any operating speed without reducing the TsVM's computing
power.

Our proposed plan for an opticodigital computer complex constructed on the princi-
ple of directly connected systems with a jointly used part of the OP is shown in
Figure 1. The complex contains a general-purpose YeS-1022 TsVM, additional inter-
nal storage of the dynamic type, based on solid-state elements (DOZU) and having a
control unit (BUDOZU), and an optical computer. The YeS-1022 TsVM is in its stan-
dard form. The OVM consists of a laser (OKG), an optical information input device
(OUVv) with a control unit (BUOUVv), a coherent optical processor (KOP) with a con-
trol unit (BUKOP) and an optical memory (00ZU), an optical output device (OUV) with
a control unit (BUOUV), and a microcomputer or microcontroller of the “"Elektronika
S5) type.

The coherent optical processor consists of a set of lenses, as well as spatio-
temporal (PVMS) or spatial (PMS) light modulators. The KOP's control unit trans-
lates digital information into control signals for the light modulators. The opti-
cal memory is used to store a set of svandard filters. The OUVv, with its control
unit, carries out spatial modulation of a coherent light flow in accordance with
the information entered in the KOP. The optical output device, with its control
unit, converts light information at the KGP's outlet into an eight-bit digital code.
The microcomputer controls information input and output.

When matching the optical and digital parts of the complex, we took into considera-
. tion the bit configuration of the YeS-1022's memory lines and the amount of infor-
- mation that can be processed simultaneously in the OVM. For the YeS-1022 and most
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Figure 1.
Key:
1. Magnetic core storage 10. Coherent optical processor control
2. Memory lines unit
3. YeS-1022 processor 11, Laser
4, Input-output lines 12. Optical information input device
5. Archive memory 13. Coherent optical processor
6. Minicomputer (controller) 14. Optical information output device
7. Additional internal storage control 15. Optical information output device con-
unit trol unit
8. Additional internal storage 16. Optical memory

9. Optical information input device
control unit

microcomputers, the word length of an exchange with the OP is 2 bytes [2,6], which
organization was also used for the DOZU. The DOZU's capacity is determined by the
number of independent reference pointe and the dynamic range of the optical input-
output devices. When each point is encoded by a single byte, which provides a dy-
namic range of 48 decibels and an independent point mass of 3,000 x 300, the DOZU's
capacity is 1 Mbyte,

10
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Key:
1. YeS-1022 memory lines 6. Multiplexor
- 2. Synchrogenerator 7. Regeneration unit
- 3. Register block #. 8. DOZU information lines
B 4, Strobe light operating unit 9. Microcomputer lines
5. DOZU control lines

Since a microcontroller of thz "Elektronika S5'" type can address an OP using only
- 64 Kbytes [6], it is necessary to add to the BUDOZU an additional register that
switches the DOZU's memory areas.

For the actual development, we used the most common YeS-1022 computer model and

K565RUZ solid-state memory cifcuits of the dynamic type, which have a tapabity of
- 16K bits. For matching with both processors, the DOZU was divided up on plates.

Each plate has a capacity of 32 Kbytes, and there are 32 of them in the DOZU.

The DOZU's operation is controlled by the BUDOZU, the structure of which is shown
in Figure 2.

The DOZU control unit must operate in two directions: the YeS-1022's memory lines

and the microcomputer's lines. This is done by two units--register block 1 and re-
gister block 2. A strobe light operating unit controlled by a synchrogenerator is

used to gate the K565RUZ microcircuits. The multiplexor switches information from

about the DOZU's address from three directions: both processors and the regenera-

tion unit.
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The regeneration unit is needed to store recorded information in the DOZU, since
the K565RUZ microcircuit is of the dynamic type. When operating with either com-
puter, the other computer's lines are blocked. Both processors have the same pri-
ority for access to the DOZU. The regeneration unit has the highest priority. The
regeneration pérlod is no more than 2 ms, which provides the DOZU with 96 percent
accessibility.

The OTsK operates in the following sequence. The TsVM computes the original infor-
mation from the archive memory (magnetic tape) and enters it in the DOZU. Upon
completion of infotmation entry in the DOZU, the TsVM records a code with respect
to a certain address (Ag) that contains information about the completion of work

- and to what unit this information should be transferred. When it receives an "Ac-
cess" signal from the TsVM, the microcontroller takes the control information from
Ap and begins to éxtract the information from the DOZU and send it to the proper
device., The distribution of addresses in the DOZU is strictly defined and corres-
ponds to the optical pattern.

After the optical processing cycle is completed, the information enters the DOZU
through the BUOUV. The microcomputer does the addressing. When the entry in the
DOZU is completed, the microcomputer can repeat the optical processing cycle, using
another optical filter, or transfer the processed information to the TsVM. The
presence of the conventional code in Ag and the reception of a signal tc block the
YeS~1022's memory lines serves as the TsVM access signal.

It should be mentioned that during the processing of information recorded omn photo-
graphic film, the OTsK can operate discretely; that is, the OVM carries out the ne-
cessary filtration without the participation of the TsVM. 1In this case visual
evaluation of the filtration is required. When the evaluation is positive, the re-
sults of the OVM's filtration can be published as results both through the common
OP into the YeS-1022 and into the archive memory with subsequent processing in the
TsVM. The proposed OTsK structure reduces to a minimum the interdependence of the
OVM and the OTsM and, at the same time, makes it possible for them to exchange in-
formation at a high speed.
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UDC 550.834

DEVICES FOR ENTERING INFORMATION FROM AN OPTICAL COMPUTER AND THEIR COUPLING WITH
AN ELECTRONIC COMPUTER

Leningrad GOLOGRAFIYA I OPTICHESKAYA OBRABOTKA INFORMATSII V GEOLOGII in Russian
1980 (signed to press 19 Nov 80) pp 16-31

[Article by A.M. Kuvshinov, V.V. Kiryukhin, A.I. Orlov, O.A. Potapov and L.S.
Ryazanov from collection of works '"Holography and Optical Information Processing in
Geology", edited by Professor S,B. Gurevich and Candidate of Technical Sciences
0.A. Potapov, Leningrad Physicotechnical Institute imeni A.F. ILoffe, USSR Academy
of Sciences, 500 copies, 181 pages] ‘

[Text] The authors discuss the problems involved in matching
electronic and optical computers when organizing opticodigital
complexes for the accelerated processing of geological and geo~
physical information. They propose and describe an optico-
mechanical device that has been developed and is characterized by
a comparatively low (in comparison with solid-state coordinate-
sensitive elements) operating speed, but a large dynamic range
and accuracy in information transmission.

The basic technical problems that have to be solved for the creation of optico-
digital systems consist of the development of optical information input-output de-
vices and units for coupling the optical and digital parts of the system. Since
coherent optical computers (OVM) are the ones most widely used in seismic research,
the problem is reduced to the development of facilities for exchanging information
between a laser installation and a digital computer,

The result of the processing of information in coherent computers is presented in
the form of the distribution of the brightness of the light flow from the laser in
the mapping plane (when determining the signal spectrum) ot in the image plane
(during optical filtration). In order to enter a light signal in an electromic
computer (EVM) it is necessary to compute the resulting light pattern, transform
the light signal into a digital code, and match and synchronize the information re-
ception and transmission channels.

Before we determine the requirements that must be satisfied by optical information
output devices and units for coupling them with an EVM, let us mention the basic
features and specific nature of the output of seismic data. As has already been
mentioned, the result of the processing in an OVM is presented in the form of a
light pattern. This special feature imposes special limitations on the choice of
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the image scanning method with respect to the arguments during quantificaticn. 1In
this case it is practically impossible to scan an image by moving it mechamically
or to make calculations with the help of a light beam formed by an optical system.
This special feature can, of course, be eliminated if the distribution of the
brightness in the laser unit's output is recorded on a phototransparency and the
photographic image is then entered in the EVM. The problem of entering a photo-
graphic image in an EVM is now solved quite simply, since devices for the computer
input and output of photographic images have been developed. Among them we can
mention the complex of optical half-tone information input-output devices developed
at the IAE SO AN SSSR [Institute of Automation and Electrometry, Siberian Depart-
ment, USSR Academy of Sciences] and the SKB [Special Design Office] of NP Ipossibly
Observation Instruments]--the "Zenit" and the "Romb'--as well as the complex of
equipment for the automatic input and output of information from photographic film
and photographic paper that is used with the Minsk-32 EVM [1]. However, it should
be mentioned that the output of information from an OVM onto photographic film is
an undesirable operation, since its realization takes time and the additional
transformation of the information is a source of error.

The second special feature is that incandescent lights, gas-discharge tubes and
cathode-ray tubes are used as illuminators in existing input systems. In laser
units, the light flow has a rigorously fixed wavelength. It is necessary to take
this fact into consideration when selecting the devices to be used to convert the
radiant energy into an electrical signal and to carry out the energy calculation.

A third special feature is the specific nature of the actual seismic information
that is being processed; namely, its frequency and dynamic range and the duration
and multichannel nature of the recordings. The basic requirements that must be
satisfied by output devices (OUV) for information from OVM's and their coupling
units are determined on the basis of the three special features listed above., Let
us evaluate the basic parameters of an optical output system, among which we will
include: number and arrangement of the elements during quantification of an image
with respect to an argument, shape and dimensions of the reading aperture, the num-
ber of signal quantification levels. Starting with these parameters it may be pos-
sible to select a specific OUV plan, as well as determine the operating speed and
the accuracy of the transformations.

The number of image scanning elements during quantification should be determined by
the well-known theorem of references [2] and, in addition, should meet the accuracy
requirements for the realization of the computation algorithms im a digital comput-
er. The aperture's dimensions will be selected on the basis of the condition of
obtaining the maximally possible signal amplitude at the OUV's outlet in order to
provide the required signal-to-noise ratio for the given image reading error.

With a linear dimension along a line of image taken from the OVM of X = 36 mm for a
seismic signal with duration T = 6 s and an upper frequency fy = 120 Hz, according
to the theorem of references we obtain a spatial quantification step Ty & 0.025 mm,
while the number of reference points is N = 1,440,

All the basic algorithms in a digital EVM are realized with an accuracy of 2 ms,
Therefore, in order to insure the required accuracy in the computations, the number

of scanning points during quantification will be determined by the following formu-
la:
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W=T/s ‘. ' (1)

where At = 2 msf

The computed N £ 3,000 reference points for T = 6 s of the realization of a seismic
signal does not contradlct the value obtained in accordance with the theorem of
references. It is obvious that the condition of insuring the accuracy of computa-
tions (1) is more rigorous, so we should accept N = 3,000, while the value of Ty
will by 0.012 mm. ' In order to eliminate information losses and mixing of the
tracks, it is necessary to have the number of scanning elements n with respect to
the second spatial coordinate (with respect to a frame) equal the number of tracks
in the time profile being processed. The total number of scanning elements is then
n' = N-n. In order to eliminate information losses, it is necessary that the
height (b) of a reading element be equal to the step of the recording of the seis—
mic traces of the seismic section taken from the EVM. It is necessary to select
the width (A) of a reading element on the basis of the calculation of the permissi-
ble error in the readout of the image. Let us evaluate the error in the image
readout for a signal with a harmonic shape. For this case, the distribution of the
intensity of the coherent source's emissions in the OVM's output plane will be de-
termined by the expression

Jemr=an[{-conug 2], ()
where Iy = maximum value of the image's intemsity.

When reading an image with an element of width A, the reading error at a given
point will be determined by the express1on

0‘7— " cod W .1:[3‘— :Wt-%‘/\ i] (3)

while the relative reading error §(x) is

cot U ;,NAH
e AT WA @

The families of the dependences of the maximum relative error 6 on the frequency
and the reading element's width are presented in Figure 1., With the graph in Fig-
ure 1 it is possible to determine that when the reading element's dimension A is
chosen to be equal to the quantification step Tx (that is, A = 0.012 mm), the mag-
nitude of the reading error will not exceed § = 3 percent for signals with spec-
trums within the limits 0-120 Hz.

The second stage in image quantification is quantization of the brightness. 1In
connection with this, the number of quantization levels, which determines the word
length of the 1mage encodxng, is of substantial 1mportance. Quantization of the
brightness of an 1mage s elements is usually done in such a manner, on the one hand,
as to preserve the image's dynamic range and, on the other, that the quantlzat1on
required for this number of levels is m1n1ma1 Durlng quantization, the entire
range of changes in brightness, from Bgj, to B .., is divided into separate seg-
ments ABj, where i = the number of the intervaT? The brightness value within each
quantization interval is replaced by a fixed value.
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Figure 1. Dependence of reading error on width of the reading el-
ement.

The dynamic range of the image at the OVM's output does mnot exceed the input sig-
nal's dynamic range. Let us determine the number of quantization levels from the

expression

—5';"20(”&?;“. (5)

where D = the dynamic range. When spatiotemporal light modulators, which make it
possible to preserve the dynamic range of input signals of up to 60 dB (3], are
used for the input into the OVM, by using the following well-known expression we
can determine the encoding word length:

gre= = 2™-2). (6)
min .
where m = encoding word length. From formula (6), m = 10 when D = 60 dB.

For the entry of information from photographic film in the OVM, it is required that
m= 7. '

On the basis of the calculated value of the word length, it is possible to select
the specific type of analog-to-digital converter.

Thus, for signal duration T = 6 s, £, = 120 Hz, n = 300 and D = 60 dB, what will be
taken out of the OVM is a mass of independent reference points measuring 3,000 x

x 300, with subsequent 10-bit encoding of each signal value.

An important characteristic of the OUV, which determines the accuracy of the infor-

mation transformation, is the static characteristic of the converter that
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transforms the light signal into an electrical one. This characteristic, in turn,
is basically determined by the photoelectronic converter's emergy characteristic.
Without discussing in detail the power matching of the laser unit and the OUV, the
technique of which requires a special discussion, let us determine the basic re-
quirements that must be met by the photoelectronic converter's characteristics and

- parameters, as well as the basic power relationships. The equipment accuracy of
the conversion of a radiant beam into an electrical signal will depend both on the
degree of linearity of the energy characteristic and on the relationships between

- the useful signal .that has been received at the converter's input and its internmal
noise. Let us write the linearity requirement in the following form:

_ Imaa/Imit |
Ka ag;;;%;;;;; (7N

where Ky = requiréd coefficient of linearity of the energy characteristic; Ipgx,
Inin = currents in the photoelectronic converter's circuit for the corresponding
light flows ®¥pax and 2;, at its input.

Ky is usually taken to be equal to 0.98-1.02. In view of the fact that between the
values of the light flow ¢ and brightness B there exists a proportional relation-
ship and that from the values of B it is possible, by using well-known formulas, to
convert to ?, the following relationship should be satisfied:

Dot > Brmae 8
I min - B”""" . ( )

The second condition for accurate operation is determined by the relationship

(9)

where &.,. . = threshold flow of the photoelectronic converter with respect to the
radiation source; A%; = change in the flow corresponding to a single quantization
level.

When determining ., r it is possible to use the technique explained in [4], kéep-
ing in mind in connection with this that the radiation source is monochromatic and
the fact that the photoelectronic converter operates under conditions of constant
background illumination caused by the specific nature of the readout of signals
from the OVM.

Depending on dimension A, which determines the necessary resolution during scanning
(or the number of independent reference points), we choose the scanning method and
the assembly layout that realizes this method.

The most promising scanning method involves the use of solid-state, matrix photo-
converters. Such photoconverters are notable for high reliability and small size,
as well as a large dynamic range. Of special interest is the use of instruments
with charge communication (P2S).

A PZS is a series of simple MDP (metal-dielectric-semiconductor) structures [5,6].
The metal electrodes are several micrometers (6 x 3) in size and are arranged on a
common semiconducting substrate, at a minimum distance from each other, so that

they form a linear or matrix regular system. Each I'ZS element is capable of trans-
forming an element of a light pattern having the same dimensions. When a matrix
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Figure 2. Diagram of optical output device based on a PZS.

Key:
1}.’ Time pulse generator 5. Scale amplifier
2. Instrument with charge communica- 6. Command unit
tion 7. Analog-to-digital converter
3. Light 8. Sampling unit
4. Output device 9. To computer s multiplex channel

photoreceiver irradiates a PZS, the entire light pattern is instantly transformed
into a pattern of charge packets.

The device for output from the PZS operates in the following manner (Figure 2).
Light striking the PZS is converted into charge packets that are sent sequentially,
by timing pulses, from the matrix into the output device (VU). The VU converts the

charge packets into a voltage level, which enters the scale amplifier (MU) and then
the ATsP [analog-to-digital converter]. From the ATsP, the information--in digital
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form-—is sent to the coupling unit. The command unit (BK) controls the timing
pulse generator and the ATsP.

PZS's have the following photoreception characteristics:
1) light sensitivity--500 WwA/lm;

2) threshold light sensitivity--10 lux-:s;

3) area of spectral sensitivity A--1.1 + 0.4 pm;

4) resolution--10 lines/mm;

5) integration’'time--tenths of a millisecond;

6) dynamic range--1,000:1 (60 dB).

An important advantage of matrix PZS's is that during an exposure, the entire light
pattern is converted into a pattern of charge packets and then—-with the help of
the timing pulses+-self-scanning takes place. This makes it possible to reduce the
conversion time to tenths of a millisecond. Most ATsP's operate at speeds lying
within these limits, so the questions involved in matching PZS's and ATsP's pose no
difficulties.

Matrix PZS's having 102-103 photosensitive elements covering an area of 500-1,000
um? have already been developed. They make it possible to record information with
a density of (1-2)-10° bits/cm2,

Let us mention here that the existing matrices with 232 x 288, 512 x 520 and 496 x
x 475 scanning elements are not capable of converting the entire light pattern at
an OVM's output instantanteously, since the required number of scanning elements is
3,000 x 300. Therefore, additional technical facilities are needed in order to
read the entire light pattern. The most acceptable way of solving this problem is:
1) assemble a mosaic consisting of several PZS matrices;

2) read fragments of the optical pattern with the help of coherent light guides on
several PZS matrices;

3) move one PZS fragment mechanically and then carry out fragment-by-fragment read-
ing.

At the present time, we know that line (linear) PZS's based on 1,738 scanning ele-
ments have been developed.

By using such gauges, it is possible to create a combined optical-mechanical reading
device in which scanning with respect to one’'coordinate is carried out electrically

with the help of ‘the PZS7gauge, while with respect to the other it is dome with the

help of a mechanical assembly.

Thus, such a device can join together two important advantages: the high resolu-
tion of the opticomechanical output device and the high operating speed of the
PZS's output device.

At the present time we know of examples of the use of television camera tubes
(PTT)--vidicons, in particular--to read the light pattern at an OVM's output. The
principle of the construction of an OUV based on a vidicon is explained in [7].
Figure 3 is a block diagram of an OUV based on a vidicon. The device operates in
the following manner: the complete television signal (PTS) goes from the vidicon
to a scale amplifier (MU) and then into the analog key (K). From the analog key,
the image signal that has been separated from the PTS is sent to the ATsP, where it
is transformed into a digital code.
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Figure 3. Diagram of optical output device based on a vidicon.
Key:
1. Video monitoring unit 6. Analog-to-digital converter
2. Light 7. Coupling unit ,
3. Vidicon 8. To computer's multiplex channel
4. Scale amplifier 9, Sampling unit
5. Analog key

Vidicons use the grating method of scanning an image, with synchronized, staggered
scanning that is continuous with respect to the lines and discrete with respect to
a frame; the grating is rectangular in shape. In addition to the image signal, a
PTS contains a frame-synchronized pulse, a frame-quenching pulse, a line-
synchronizing pulse and a line-quenching pulse. In order to separate the signal
image (which contains the information about the light pattern) from the PTS and in
order to quantify the image with respect to a line, a sampling unit (UV) that opens
the analog key at certain moments of time is used. The transformation process can
be monitored visually on the video monitoring umit (VKU).

Modern vidicons have sensitivity, resolution and a signal-to-noise ratio that are
adequate for most cases of image input into a computer and are also small and have
comparativély. low signal nonuniformity over the target's working field.

At the same time, an output device based on a PTIT has substantial shortcomings, the
main one of which is the presence in the PTS (in addition to the video signal) of
synchronization and quenching signals, which make analog-to-digital conversion dif-
ficult and require the use of additional equipment. Such an output device requires
a high-frequency reference generator (up to 12 MHz) for line quantification of the
image, as well as a high-speed ATsP, which involves considerable difficulties.

In addition to this, vidicons have a light-semsitive port with a small area (up to
1 cm2), with a maximum resolution of up to 44 lines/mm. This does not make it pos-
sible to read the full output light pattern. The speed reduction method is used to
match a vidicon with an ATsP [7]. This method makes it possible to take one read-
ing from each line when a frame is scanned. In comnection with this, the readout
rate is reduced to 15,625 Hz. Such a speed matches that of most ATsP's, which per-
form up to 20,000 transformations per second. The readout time for an optical im-
age fragment equal in area to the light-sensitive port is 24 s. A high rate of in-
formation readout from the OVM can be achieved by using uni- or two-dimensional
coordinate-sensitive radiation receivers [8,9]. However, such receivers have poor
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resolution (up '’to'5-10 lines/mm) and a small dynamic range. At the same time, when
the signal is presented in the form of a silhouette image or a binary matrix code,
such comverters can be very useful. In this case they determine the coordinate of
the image's boundary, proportional to the signal's amplitude, where there is an
abrupt change in‘the transmission coefficient.

The most realistic possibility for the complete reading of a light pattern from an
OVM, with high spatial resolution, is still the use of plane opticomechanical scan-
ning circuits."wg have developed an OUV with plane opticomechanical scanning and a
grating scanning method. The coordinate table is moved by a step drive. In the
device there is no system for monitoring the accuracy of the reading element's lin-
ear movement, since precision-machined screws and nuts with no play are used. The
output device operates in the following manner (Figure 4): the computer sends an
inquiry through the coupling unit to the scanning assembly's command unit (BK).
The BK implements the functions for program control of the scanning assembly. From
the BK the command enters the horizontal-displacement step motor control unit
(BUShDG) and the motor (ShDG) makes a discrete movement of the reading element

- along the first line. At the end of the first line, the BK sends a signal to the
vertical-displacement step motor control unit (BUShDV) and that motor (ShDV) moves
the reading element to the next line, after which the process is repeated,

Light from each element of the pattern passes through . light guide into an FEU
[photoelectric multiplier], which carries out a linear transformation of the light
into an electrical signal. The electrical signal enters the scale multiplier (MU)
and then the analog-to-digital comverter (ATsP). The MU matches the FEU and the
ATsP. The ATsP transforms the sequence of voltage levels into a digital code. In
order to avoid erosion of the image, when the motor is moving the reading element
the BK sends a "Transformation Prohibited" signal to the ATsP.

From the ATsP, the code carrying the information about the intensity of the light
flow from a light pattern scanning element goes into the coupling unit (BS).

It should be mentioned that the OUV we developed is intended for use with a
"Kogerent'" laser unit, with a YeS-1022 EVM acting as the control computer.

The coupling unit's basic purpose is to implement the direct interaction of the
EVM's multiplex channel with the optical output device. With its help, the most
nearly complete interaction of OVM and EVM hardware and software is achieved. The
coupling unit must satisfy the following basic requirements:

1) establish communications by means of standard input-output interface lines (sig-
nals);

2) carry out the exchange of the sequence of signals for address, command and data
transmission;

3) insure the informational data transmission rate and monitor the data.

Carrying the optical information, the digital code from the ATsP enters the signal
converter (PS), which matches the the ATsP's signals with the buffer memory (BP).
When acted upon by control signals from the control unit (BU), the information
passes from the BP through the communication unit with chamnel (BSK) and is trans-
mitted byte-by-byte through the multiplex channel (MK) into the EVM's main memory
for storage and programmed processing. Upon completion of the reading process, the
output device's BK sends the BU a "Stop" signal that is encoded in the command
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Figure 4. Diagram of opticomechanical output device and coupling unit.
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register (RK) and sent to the EVM. After this, the programmed processing of the
information that has been obtained begins.

It should be mentioned that the optical output device developed by us matches a
"Kogerent" OVM very well. The entire mechanism is mounted on a small micrometric
table and installed on the bed of an optical bench., Although the reading time for
a complete light pattern is significant (12 min), in connection with this the EVM
does receive the entire mass of seismic data. This makes it possible to test and
develop algorithms for the processing of seismic information with the required 2-ms
accuracy. '
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UDC 550.834

POWER (ILLUMINATION ENGINEERING) CALCULATION OF OPTICOELECTRONIC SYSTEMS FOR
PROCESSING GRAPHIC INFORMATION

Z Leningrad GOLOGRAFIYA I OPTICHESKAYA OBRABOTKA INFORMATSII V GEOLOGII in Russian
4 1980 (signed to press 19 Nov 80) pp 32-35 :

[Article by Yu.G. Yakushenkov from collection of works "Holography and Optical In-
formation Processing in Geology", edited by Professor S.B. Gurevich and Candidate
of Technical Sciences 0.A. Potapov, Leningrad Physicotechnical Institute imeni A.F.
Ioffe, USSR Academy of Sciences, 500 copies, 181 pages]

[Text] The author discusses a general approach to the calcula-
tion of the power characteristics of opticoelectronic systems.
He also derives formulas that are refined enough for engineering
use.

The purpose of a power calculation is to establish sufficiently optimal relation-
ships among the separate parameters of opticoelectronic systems (OES). The common
power calculation technique [1] reduces to the formulation of a generalized power
calculation »f the type

where A®. = a signal (flow of radiation) at the OES's input that exceeds the OES's

sensitivity threshold ¢, by a factor of y, and the subsequent solution of this

equation in developed form; that is, in the form of a function of the OES's parame-
: ters relative to one of them.

When calculating and planning an OES for the processing of graphic information and,
in particular, the processing of seismograms and other forms of geophysical infor-

mation representations [2], this technique has certain positive features.

The basic formula for calculating the flow arriving at an OES's input aperture is
[1]: :

C’D,'n =f[4£%&"

where T = transmission coefficients of the optical mediums on the path & from an
emitter with area Ap,q4 and brightness L to an input aperture of area Aj,.

If the emitter covers the OES's entire instantaneous angular field, as determined
by the area of an element of resolution q (the sensitive area of a radiation
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receiver, for example), it is then the case that

) —
Ctﬁn=-4-Z'L,2 iéﬁf ’
where £f' = focal length of the OES's objective.

During scanning of a field of view (seismogram, photographic film or any other

graphic information carrier), if an element of resolution with area q is struck in
turn by radiatjon from sections of the field with brightnesses L] and L, the dif-
ference signal A%;, is:

NS RATE

Considering the spectral nature of T = T(A) and L = L(X), for the OES's working
spectral range Aj,...,Ay we obtain
i B ‘;""‘“ e .-

s, =7’£ ¢§+"‘r‘j‘m>[lﬂ (1) ~L, (NId4. (1)

In the general case, when the emissions of separate sections of a field or a carri-
er of graphic information are determined to be both intrinsic and scattered or re-

flec:ed emissions from a foreign source, the values of spectral densities L(A) are

defined as the sum of the intrimnsic Lj, and Ly, and reflected or scattered L;, and

Ly, components. For Lambertian emitters,

L( (J/ =& IA)M”L:(-A! +~P{ (J,_.E#A,, .
(2)
Ly =g, Bl o g o)) ELN,

where 8;(1), 85(X) = spectral radiating capacities (radiation coefficients); Mj(1),
My(}) = spectral densities of the emissions; p3(1), py(A) = spectral brightness co-
efficients (or reflection factors); E(A) = illumination or irradiation created by
the foreign source (such as the Sun, which illuminates brightness fields Lj and Ly,
or a laser brightening a phototransparency or seismogram).

The next stage of the calculation consists of determining the signal-to-noise ratio
at the outlet of the OES's radiation receiver:

m=aVe [V, ‘ (3)

where AVe = Ad; Sy = amplitude of the difference signal at the receiver's outlet
that corresponds to flow A%, ; SY = yoltage sensitivity of the receiver; V, = noise
level as adduced at the recelver s outlet.

Expressing the receiver's sensitivity S, in terms of its detecting capability,

n* S VATEE
Vn

where Ay, = area of the receiver's sensitive layer; Af = effective transmission
band of the OES's electronic channel, we obtain
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_DW . )
'S" : ‘\/Anuof

From this, with due consideration for the fact that D* = D*¥(1), after substituting
(1) and (4) into (3), we obta1n

p= %TVA—-——— f'm)[l, m—L MI]D(MJA. | (5)

By assigning the necessary value of u, from this it is possible to determine the
requirements for both the individual OES assemblies and the graph1c information
carrier., As an example let us discuss the case of the process1ng of graphic infor-
mation presented in the form of a phototransparency with séismograms recorded by
the broad track or variable density method, brightened by an illuminating system
that creates illumination E(}) on the transparency.

In this case the first components determining the intrinsic radiation in formulas
(2) are much smaller than the second ones, which are determined by external illu-
mination E(A); consequently,

Loen=p oy Ecn/m,

LA =p(MEN/T,

Substituting these values into (5), we obtain

R e

A dA
4%, { 70N mejomD (A

AnuA

where Ap(1) = p1(X) - py(R).
If the brightness coefficients p(1) (scattering and reflection factors) in range
A1,...,Ay can be taken as constants, by removing the value 4p from under the inte-

gral s1gn in (6) it is possible to determine the requirements for the transparen-
cy's dynamic range or for the denslty of the record:mg, as deflned by gradient Ap:

ap = fvﬁi'&ﬂf— [/tmEmDrA)dA]
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UDC 550.834
SOME QUESTIONS ON THE DESIGNING OF LIQUID CRYSTAL MATRIX SCREENS

Leningrad GOLOGRAFIYA I OPTICHESKAYA OBRABOTKA INFORMATSII V GEOLOGII in Russian
1980 (signed to press 19 Nov 80) pp 36-44

[Article by A.B. Beklemishev from collection of works "Holography and Optical Infor-
mation Processing in Geology", edited by Professor S.B. Gurevich and Candidate of
Technical Sciences 0.A. Potapov, Leningrad Physicotechnical Institute imeni A.F.
Ioffe, USSR Academy of Sciences, 500 copies, 181 pages]

[Text] The author discusses the effect of the ratio of the re-~
sistances of the interelectrode insulation and the electrode on
the voltage levels active in the elements of a matrix. He shows
that for realistic values of this ratio, the effective voltages
are lower than the set ones by 10~30 percent. He also presents a
convenient and effective formalism of matrices of temporal charac-
teristics for evaluating the capabilities of a matrix screen that
takes into consideration the sum total of the direct and inverse
electro-optical transitions for the voltages active in a screen's
elements.

As is well known [1,2], when designing liquid-crystal (2hK) matrices it is necessary
to take into consideration the reversible medium's electro-optical characteristics,
the control system's output voltages (EUS) and the methods used to set them in the
matrix. To a considerably lesser degree, one must also deal with the question of
the necessity of allowing for the electrodes' actual resistances and the levels of
the substrates' interelectrode insulation (MEI).

In this article we discuss several questions related to the creation of multielement
matrices controlled on a line-by-line basis from direct-current sources, using as an

_ example the bistable "nematik-kholesterik" [translation unknown] and "guest-host"
systems [1].

Figure 1 depicts a fragment of a matrix containing four elements and an alternative
way of connecting them. According to the nature of the interaction of the EDS
[electromotive forcel source and the matrix's elements, the latter are subdivided
into three types: selected (addressed with a zero potential with respect to the
corresponding line and column); semiselected (addressed with a zero potential with
respect to either the line or the column); unselected (not addressed with a zero po-
tential, but connected to the voltage source with respect to line and column).

Since the information entering the matrix is quite variegated (digits, letters,

28
FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000500040054-3



APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00350R000500040054-3

FOR OFFICIAL USE ONLY

u

Figure 1. Fragment of a liquid-crystal matrix.
Key: 1. Selection 2. Semiselection

symbols, graphs and so on), during the frame-addressing phase each element is re-
peatedly semiselected and unselected, while (in addition) some relatively small part
of the matrix's elements is selected in certain line~addressing phases.

In Figure 1, Ry = resistance of a transparent electrode made of tin oxide; Rygr =
= resistance of the interelectrode insulation. The superscripts are "CTP" for lines
and "CTO" for columns, while "U" is the voltage of the source.

The matrix's operating mode is as follows. Before beginning operation, voltage U is
fed into all the lines and columas of the matrix and converts a thin (~20 um) film
of the ZhKM [liquid-crystal matrix] that is located between the lines and columns
from its original nontransparent state into transparency. The optical system is
constructed in such a fashion that in this case the screen looks dark. The working
cycle consists of a frame-scanning phase that is composed of successive and identi-
cal line-scanning phases. In the first (and each subsequent) line-scanning phase,
an addressing zero potential is fed into one line of the matrix, while into all the
columns there is fed some combination of zero and nonzero potentials that are formed
automatically in the EUS. Thus, both electrodes of the element designated as "se-

- lection" in Figure 1 are grounded, while only one of the electrodes of the "semi-
selection" element is grounded. In connection with this, elements outside the ad-
dressed line can also be of two types: "semiselection" and "nonselection." Voltage
U is applied to the electrodes of an element of the latter type.

The selected elements of an addressed line are "tripped," forming a given combina-
tion of colored squares against the dark background. The steady-state values of the
electro-optical responses of the selected (B), semiselected (II) and unselected (H)
elements are depicted in Figure 2. As the response it is convenient to consider
(for example) the threshold dependence of the transparency of an element of the ma-
trix on the voltage; that is, if the line-addressing phase equals or exceeds the
setting time, the responses for elements of the indicated types, one would think,
could be represented, respectively, as ¥(0), ¥(U/2) and ¥(U). In connection with
this, the levels of responses Y¥(U/2) and Y(U) are ignorable.
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Figure 2. Function of electro-optical response (B = selection;
I = semiselection; H = nonselection).
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Figure 3. Electrical connection diagram.
Key: 1. Semiselection 2. Selection 3. Nonselection

However, let us attempt to discuss the electrical diagram corresponding to the given
fragment (Figure 3). The resistive elements R here are elements of the three men-
tioned types.

Practically usable ZhKM's have a specific resistance on the order of 108 Q-cm. If

- the distance between a line and a column is 0.02 mm, while an element aperture is
0.5 mm? (real estimates for large-format matrices), then
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Obtaining Rygpy levels of the same or higher orders is an extremely difficult task.
Practical estimates show that when Ry * 10 kR, Rygy = 20 kQ-10 MR. The specific
level of the Rygy values depends on the electroerosion and subsequent etching tech-
niques [3]. Thus, the voltage in an element of < =ch type can be represented by the

values
) w-_ 1 . W for "selection,"
2+ Rre .
Re
d{ HEL
= o w for "nonselection,”
2+ R .

ll!‘ " g (KB * Itl) --1uw for "semiselection."

It is easy to see that, in practice, the voltages acting on the "selection" and
"nonselection” elements are far from the original estimates. For instance, for
Rypy = Ry, we obtain (for example)

u“;g u while i - gw

It is useful (obviously) to evaluate the nature of the regularities:

’E -j;(R"" and -'él—--f,_(-&g—‘ﬁ)

'o _________________________________ —y
w
I — X
vt ——
w
uB
.l[_.
1 I L L :—..'. 5’.‘_?‘
02 95 100 500 Re

Figure 4. Dependence of voltages in "selection," "semiselection"
and "nonselection" elements on value of ratio Rypr/Ra.

The graphs of these functions are shown in Figure 4. Here we can see that functions
f;,2 undergo significant changes in the band

 Rmsi

0.2 ¢ B £

From the graphs it is easy to derive the voltages that are acting on the matrix ele-

ment under discussion from the normally known values of U, Rypy and Re. For in-
stance, when U = 20 V, Rg = 20 k.

60.

31
FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000500040054-3



APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000500040054-3

a

1 Ry 0 4 10 2 200 1000
w, v 9,2 | 8 6.6 2 0,4
A, v 8 |12 | B, | 18 19,6

The obvious conclusion drawn from what has been said is that the choice of a ZhKM
must be made with due consideration for the real values of Rypy/R.. In any case,
one must not count on ideal values of UB and UM equaling, respectively, 0 and U,
since in connection with this the condition Rygy >> Rg must be fulfilled.

In the case where Rygy << Ro, the diagram under discussion loses all its useful
properties, since the following equality is realized:

uaﬂ ltl = u“.'
Thus, let us assume that the values of Rygy and Ry have been established as the re-
sult of measurement of the substrates' resistive characteristics. Their ratio gives

tge posi;.ion of the ordinate in the graph (Figure 4) that determines the values of
U® and U".

At the present time, the characteristics of ¥(U) have been studied for a considera-
. ble number of 2ZhK compounds and materials have been published that describe the
transformation of functions Y (U) for changes in temperature and the distance between
the planes of the lines and columns [1,2].

Therefore, it is usually not difficult to choose a group of ZhKM's that provide the
given contrast ¥ (uB)/¥(uH).

The further search for the optimum ZhKM in the group is carried out with the help of
a matrix of temporal characteristics (MVKh) that includes a compléte listing of the
times of direct and inverse electro-optical transitions for the voltage jumps that
were determined above: UB Z UH, uB 2 UH, Un z v,

For the purpose of simplifying the designations, henceforth we will drop the letter
"U." The MVKh has the following form:

- T(a —»B)*® 4T'(n-—-o'n)‘

T(B-~u) - (s — m)

T(B—+H)| T(n —H) . -

- Each element of the MVKh is the time T of the setting of functions ¥(B T 1);
¥Y(B ZH); YW(TZH.

Each of the MVKh's elements is material. Actually, T(H + B) and T(Il + B) determine

- the tripping time; that is, they give the minimum value of the line-addressing
phase.
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Tt is useful to have the tripping time as short as possible in order to shorten the
- frame formation time, increase the rate of information arrival and renewal in the
ZhkM, and simplify the buffer ZU's [memory unit] and the interface as a whole.

T(B * H) and T(B > ) determine the relaxation time; that is, they give the maximum
_ value of the frame-scanning phase for given ZhKM's and operating conditions.

In connection with this, ratios T(B =+ I)/T(I + B) and T(B * H)/T(H + B) give an
evaluation of the maximally possible number of lines in a matrix. No less signifi-
cant are the values cf T(H + II) and T(Il =+ H). It is usually necessary to have the
value of T(I + H) on the same order of magnitude as T(B ). Otherwise, a selected
element will “"go out" when acted upon even once by a "nonselection" voltage.

Thus, of the six MVKh elements, only two (represented in the matrix by dashes) must
be maximally small values.

Let us, for example, design a 2ZhKM with 128 lines. This means that when depicting
the most informative (in the sense of f£illing the screen) flow of digits and/or let-
ters, 110 lines should be addressed in each frame (the other 18 are spaces when

_ there is a 7 x 5 sign format). Consequently, it is necessary to insure that
T(B + H)/T(H ~ B) > 110. Otherwise, only part of the screen will reproduce the re-
quired information and the person perceiving it will be unjustifiably fatigued by
the flickering.

We should keep in mind the fact that the process of setting the function ¥(U) is
far from always being monotonic, particularly when the levels of the control volt-
ages are comparatively low [2].

By evaluating the functions ¥(U) for the recently most popular materials, which are
based on cyanobiphenyls, it is possible to detect substantial deviations that are
related to the presence of oscillatory components. In connection with this, the
basic change in the function ¥(U) takes place quite rapidly, whereas complete set-
ting is achieved in an amount of time that is an order or more of magnitude longer.

Therefore, sometimes it is advisable to set the duration of the line-addressing
phase in accordance with the duration of the basic change in function Y(U), making
the necessary corrections in the MVKh and the contrast evaluation.

As experience has shown, in connection with this it is particularly important not

to forget the dependence of the values of T(B + I) and T(B * H) on the duration of
the line-addressing phase. As is known [4,5], when it is shortened, the value of
ratio T(B = H)/T(H * B) can not only be reduced by an order of magnitude or more,
but can even turn out to be less than unity. As a result, the ZhKM will prove to be
incapable of reproducing information.

In summing up what has been said, let us mention that, with due consideraticon for
the resistances of the electrodes and the interelectrode insulation, it is possible

- to evaluate the actual voltage levels acting on the elements of a liquid-crystal
screen. Formalization of the temporal characteristics in the form of a matrix is a
convenient and effective means for evaluating the possibilities for depicting infor-
mation on a screen that is being designed.

33

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000500040054-3



APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000500040054-3

BIBLIOGRAPHY

Blinov, L.M., "Elektro- i magnitooptika zhidkikh kristallov" [Electro- and
Magneto-Optics of Liquid Crystals], Moscow, Izdatel'stvo "Nauka", 1978.

Kapustin, A.P., "Elektroopticheskiye i akusticheskiye svoystva zhidkikh
kristallov" [Electro-Optical and Acoustical Properties of Liquid Crystals],
Moscow, Izdatel'stvo "Nauka", 1973.

Alekseyev, M.I., and Beklemishev, A.B., "Using Electroerosion in the Production
of Liquid-Crystal Matrices," ELEKTRONNAYA TEKHNIKA, Series 4, No 1, 1979, pp 87~
90.

Makeyeva, Ye.N., Beklemishev, A.B., and Kurdyumov, G.M., "Some Characteristics
of Alloyed Liquid-Crystal Materials," ELEKTRONNAYA TEKHNIKA, Series 6, Materials
edition 4 (129), 1979, pp 110-115.

Makeyeva, Ye.N., Beklemishev, A.B., Urupov, A.K., and Serebrennikova, G.A., "Us-
ing Liquid-Crystal Compounds in Geophysical Opticoelectronics," "Tezisy dokladov
IV Vsesoyuznoy konferentsii po zhidkim kristallam" [Summaries of Reports Given at
the Fourth All-Union Conference on Liquid Crystals], Ivanovo, Izdatel'stvo IGU
[Ivanovo State Universityl, 1977.

34

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000500040054-3



APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000500040054-3

- FOR OFFICIAL USE ONLY

UDC 550.834:621.384

ON THE USE OF SEMICONDUCTING PHOTORECEIVERS FOR THE ACCELERATED INPUT OF OPTICAL
INFORMATION

Leningrad GOLOGRAFIYA I OPTICHESKAYA OBRABOTKA INFORMATSII V GEOLOGII in Russian
1980 (signed to press 19 Nov 80) pp 45-56

[Article by A.V. Dutov from collection of works "Holography and Optical Information
Processing in Geology", edited by Professor S.B. Gurevich and Candidate of Technical
Sciences 0.A. Potapov, Leningrad Physicotechnical Institute imeni A.F. Ioffe, USSR
Academy of Scicnces, 500 copies, 181 pages]

[Text] The author proposes a parametric method for connecting
photodiode sensors for the accelerated input of information in
opticoelectronic seismogram processing systems.

He presents some results of an experimental investigation of the
conversion of optical signals for different photoreceiver connec-
tion methods.

In the solution of the problem of processing the large masses of information that
are generated when seismic surveying methods are used to prospect for gas- and oil-
bearing structures, particular interest has been aroused by hybrid opticoelectronic
systems, the effectiveness of which is related to the information capacity of the
light field as an information carrier, the high speed at which information in analog
form is processed, and the accuracy with which information in digital form is hand-
led [1].

Since these light fields are at least two dimensional, the problem of the high-speed
input of optical information into the digital part of the system is solved either by
increasing the scanning speed in scanning-type devices or by multichannel reading.
When contemporary requirements--the creation of systems for the preliminary process-
ing of information under field conditions--are taken into consideration, the most
promising photoreceivers are assumed to be converters based on charge-coupled de-
vices. (PZS). However, increasing the scanning speed in PZS rulers entails a propor-
tional decrease in sensitivity, while the use of PZS matrices involves a reduction
in resolving power as a consequence of the multiple reflection of the light beams
from the sensor's multilayer structure [2]. In a number of cases, therefore, an in-
crease in input speed can be achieved either by combining high-sensitivity photo-
diodes with opticomechanical scanners, the scanning speed of which has reached tele-
vision standards [3], or by the creation of photodiode rulers for multichannel read-
ing. Both approaches involve an increase in the sensors' total light-sensitive area
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and, correspondingly, the photodiodes' capacity. As a result, the basic short-
comings of photodiode sensors become apparent: the maximum spatial method of con-
necting these photoreceivers and the dependence of the amplitude of the pulses at
the sensor's output on the dynamic band of the light signals.
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Figure 1. AChKh of high~sensitivity phétodiodes for small valueé
of Ry: o = FD-11X; A = FD-7G.

The amplitude-frequency characteristic (AChKh) of two sensitive photodiodes, as
shown in Figure 1, can serve as an example illustrating the possibility of evaluat-
ing unambiguously the time lag of a converter when photodiode connection is used.
The AChKh's have been read for those values of load resistance Ry that are normally
used when working with high-frequency elements (50~75 ) and make it possible to
reach a conclusion about the possibility of using these instruments on frequencies
exceeding the frequencies corresponding to the textbook operating speed values
(5-1076 ) by almost an order of magnitude. However, as a result of the fact that
photodiodes are high-ohm elements in the électrical circuit, reducing Ry entails a
corresponding reduction in the output signals' values.
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Figure 2. FD-11K photodiode saturation curves for Ry = 10 k :

o = constant component; A = variable component at frequency of 30
kHz; * = variable component at frequency of 100 kHz; z = 1/¢,
where € = irradiation,
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- Besides this, inherent in the photodiode connection method are limitations related
to the power of the light pulses being received. In connection with this, it has
recently been established [4] that the high-frequency sensitivity of photodiodes can
be saturated at levels of optical radiation that are considerably lower than those
required for the creation of a constant saturation current. Figure 2 shows the de-
pendences that have have found for the change in the amplitude of the variable com-
ponent of a sinusoidal signal and the magnitude of the constant component at the
photodiode's ocutput on the value of the relative attenuation of the light flow (in
comparison with its value &y, which corresponds to saturation of the watt-ampere
characteristic). They enabléd us to convince ourselves experimentally that for cer-
tain relationships between Ry and photodiode capacitance C¢3, these limitations ex-
ist even for comparatively low light signal frequencies.

Photoparametric systems, some varieties of which--based either on a change in photo-
diode conductivity when acted upon by a light flow ¢ or on a corresponding change in
Cyp~—have been known for quite a long time E5,6], are free from these flaws to a
certain degree. However, the necessity of using two identical photoreceivers in the
first case [5] and the narrow band of changes in perceivable light flows in the sec-
ond [6] has caused their use to be limited, and in the literature there is almost a
complete lack of information on the sensitivity and operating speed of photo-
parametric systems in comparison with systems using other methods of connecting the

photoreceivers. e
B e )
Tp-p1 4 Tp-p
['J FD B % R
H D !
a I
a)
. //////47
bp « /
U
) '
B . Ubut R”

')
Figure 3. Schematic diagrams of photoparametric systems: a. ser-
ies; b. parallel; FD = photodiode; D = high-frequency diode; B =
amplitude detector (rectifier); Uy = pump voltage.
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Figure 4. Equivalent circuits: a. of series-connected paramet-
ric system; b. of parallel-connected parametric system; c. of
system with photodiode connection of the converter; Ryp, Rppg:
Ryg, Cyr = equivalent values, respectively, of the power
source's resistance, the photodiode's back resistance and the
load resistance and capacitance.

Here we present two elementary systems for the photoparametric conversion of light
flows, the schematic diagrams of which are shown in Figure 3.

The role of the first transformer in the series-connected system is limited by the
matching of the high-resistance circuit from the diodes connected in opposition with
the output circuits of the pumping voltage generator. The second high~frequency
transformer in the series-connected system, as is the case with the transformer in
the parallel-connected one, is needed to generate the variable component of the
photodiode's flow on frequency fy, which corresponds to the first harmonic of pump-
ing voltage Uy.

All of the characteristics presented below were read with the help of diode fullwave
rectifiers charged to a resistance of 10 k and the filter's capacitance. The value
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Figure 5. AChKH's of: a. * = 2L-119 light diode; A = series-
connected photoparametric system; o = photodiode method; b)
parallel-connected photoparametric system; A = for low illumina-
tion of the photodiodes; o = for high illumination of the photo-
diodes.

of Ry for the systems that have been presented can change within quite broad limits,
although the highest output signal values are achieved for small photodiode current
flow angles; that is, when the condition Ry > 100°Ryy is fulfilled [7], where Ry is
the back resistance of an open photodiode. (For example, for an FD-1l1K, Ry 10 Q,
so for a transformation rate that equals unity, it should be the case that Ry >

> 1 k.)

Omitting the common and quite trivial and awkward computations from the field of
electrical engineering, let us proceed to a discussion of the equivalent circuits in
Figure 4, which model the operation of the series~ and parallel-connected parametric
systems, as well as the operation of the converter when the photodiode is connected
(Figure 4c), in the area of high frequencies of changes in light flows; that is, for
those modes when, under the obligatory condition fy > £, o (where £, o is the fre-
quencies of the light signals' higher harmonics), the value of 1/2mfyCpp turns out
to be comparable with the value of Ryy and, at the same time, for the series-
connected system the value of 1/2wfyCp remains comparable with the value of a
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Figure 6. Characteristics of perceivable contrast in seismo-
grams: * = for series-connected photoparametric system; 4 =
photodiode mode; o = valve mode.

darkened photodiode. Let us mention here that the fulfillment of the latter condi-
tion, as it applies to the problem of obtaining the maximum values of the output
signals at the system's output, is possible only if Cpp >> Cp.

Directly from Figure 4 we can see the obvious potential possibility of increasing
the operating speed in the system (Figure 3a) in comparison with the system with
photodiode connection of the sensor, since in the former, capacitance Cyg is con-
nected in series with capacitance Cpp. This possibility is confirmed by the AChkh's
of the corresponding systems, which are presented in Figure 5a. The AChKh's were
read with the help of an opticoelectronic pair consisting of an FD-25K photodiode
and a 2L-119 light diode that were excited by light pulses ranging in duration from
100 ps to 1 us, with an on-off time ratio of at least 5. The light diode's AChkh
was detexrmined with an FEU-62 photomultiplier.

Directly from Figure 4b it is obvious that there are no inherent analogous possibil-
ities in the parallel-connected system. However, when operating with a pumping fre-
quency that is close to the antiresonance frequency, this system is of considerable
interest for the solution of the problem of increasing the noise stability of the
reading process [8]. The AChkh's of such a system (read with the help of FD-25K
photodiodes) are presented in Figure 5b, and they make it possible to form an opin-
ion about the special features of the operating modes of a system with pumping fre-
quencies corresponding to cross-sections Fy, Fy and Fg, as well as cross-section Fg3
(the most interesting mode), in which output signals of the system that are differ-
ent in magnitude and polarity correspond to the two values of the light flow.

The sensitivity characteristics of photoparametric systems are better than the anal-
ogous characteristics of systems with photodiode and valve connection of the photo-
receivers. This is determined by the total unidirectional change of both the
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Figure 7. Parametric characteristics of a series-connected system
with a high-sensitivity p-i-n photodiode.

conductance and susceptance of the photodiodes when the amount of illumination of
the light-sensitive areas changes. However, for the parallel-connected system these
characteristics also depend unambiguously on the value of fy, as well as the sys-
tem's structural parameters and the method used to process the output signals. The
selection of the optimum parameters for this system requires a rigorous mathematical
analysis of it, the realization of which within the limits of this article is not
possible.

For the series-connected photoparametric system, several completely unambiguous sen-
sitivity characteristics have been derived by the experimental method. For in-
stance, in Figure 6 we present the characteristics of the change in contrast parame-
ter K [8] as a function of the distance between the film with the seismogram record-

- ings and the photoreceiver. The characteristics were read with the help of a high-
sensitivity p-i-n photodiode and a GaAs light diode, with fy = 4 MHz.

In Figure 7 we see, for different levels of illumination of the converter, the

changes in the value of the series-connected photoparametric system's output signal

as a function of the pumping voltage's amplitude. Experimental investigations of

the proposed parametric systems made it possible to discover two special features

of any families of similar characteristics: in all cases the indicated functions

- intersect the X-axis and in all cases the increase in the output signal, beginning
with certain values of the pumping voltage, moves .toward saturation. The latter
fact means that in photoparametric systems it is possible to realize operating modes
in which instability of the value of Uy will not have any substantial effect on the
output signals' stability.

Finally, in Figure 8 we see the saturation curve for the series-connected photo-
parametric system in comparison with the analogous characteristics for photodiode
and valve connection of the photoreceiver, which is the dependence of the change in
the output signal's value on the distance r between a photodiode and a light diode
by means of which light pulses with a power of 100 mW and a duration of 10 s were
excited. Directly from Figure 8 it is obvious that for systems utilizing the photo-
diode and valve methods of connecting the converter, saturation sets in at consider-
ably lower levels of iliumination of the light-sensitive area than for the indicated
photoparametric system
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Figure 8. Saturation curves for FD-25K photodiode: * = for
series-connected photoparametric system; A = for photodiode con-
nection; o = for valve connection.

In conclusion we should mention that for a low load resistance value and pulsed
pumping, the photoparametric mode in a series-connected system (Figure 3a) degener-

ates into the normal mode of photodiode connection with charge accumulation.

In

connection with this, the system's operating speed and sensitivity are determined by
the relationship between the durations of the light signals and the pumping pulses.
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ON THE QUESTION OF THE PHASE ENCODING OF SEISMIC SIGNALS IN OPTICODIGITAL
INFORMATION PROCESSING SYSTEMS

Leningrad GOLOGRAFIYA I OPTICHESKAYA OBRABOTKA INFORMATSII V GEOLOGII in Russian
1980 (signed to press 19 Nov 80) pp 57-64

[Article by V.P. Ivanchenkov and A.I. Kochegurov from collection of works "Holo-
graphy and Optical Information Processing in Geology", edited by Professor S.B.
Gurevich and Candidate of Technical Sciences 0.A. Potapov, Leningrad Physico-
technical Institute imeni A.F. Ioffe, USSR Academy of Sciences, 500 copies, 181
pages]

[Text] The authors discuss the possibility of using phase encod-
ing of seismic signals when they are being entered in the optical
processor of an opticodigital computer complex. They present the
results of their statistical modeling and some evaluations of the
effectiveness of the utilization of phase encoding in problems
involving the correction of static correction factors.

Increasing the efficiency and productivity of the realization of hybrid computa-
tions in opticodigital information processing systems depends to a considerable de-
gree on the choice of the method for encoding the seismic signals when the data are
being entered in the -optical processor. The correct choice of the signal encoding
method makes it possible-~depending on the realized processing algorithms--to re-
duce their statistical redundancy and to compress the data.

In a number of processing problems where information on the form of the seismic
signals is not used directly, it is feasible to examine the possibility of using
phase encoding methods. For instance, one of the basic procedures in the process-—
ing of seismic data is correction of the static correction factors. As is well
known, the most widely used automatic correction algorithm, which is based on cal-
culation of the cross-correlation function (FVK) of adjacent tracks, yields the re-
quired accuracy only for rather simple material. When there is a large degree of
wave dispersion with respect to velocity in the interval being analyzed and a high
noise level, the determination of the displacements with respect to the tracks'
maximum cross-correlation can result in substantial errors in their evaluation.
Therefore, the problem of improving the reliability of the evaluation of the mutual
displacements remains one of the basic ones when correcting static correction fac-

~ tors. In view of this, in this article we discuss the question of improving the
reliability of the determination of the mutual displacements of seismic tracks pre-
sented in the form of nulls of a clipped signal.
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Figure 1.

Figure la depicts the realization of process x(t) and its corresponding correlation

function Ry(r). When the clipping is sufficiently thorough, this signal is con-

verted into rectangular pulses (Figure 1b) and is frequently called a2 clipped sig-

nal. The use of character encoding is quite well known, particularly in the reali-

zation of various correlational processing algorithms. At the same time, the ori-

ginal information of phase encoding can be represented in a different form, as some
= sequence of nulls of the clipped signal Xg(t) (Figure lc):

fj , xtd) et <0.
[0, =t)wiba) 20,

The sequence of nulls contains all the necessary information about the clipped sig-
nal, as well as information about the initial phase of the original signal's first
harmonic [1].

(1)

In order to evaluate the possibility of using phase encoding in the problem of cor-
recting static correction factors at the stage of determining the mutual displace-
ments of the tracks, we utilized statistical modeling on a computer to investigate
the noise stability of the correction algorithm for such a recording.

The assumed given was two seismic tracks, representing an additive mixture of sig-
nal and noise, it being the case that the signal on the second track had a certain
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displacement At:
yobr=zct) + Medt),

ol =zrbat)+Mprt). (2)

As the useful signal we chose a pulse with a bell-shaped envelope, which is widely
used as the model of a singly reflected wave. Displacement At was determined
beforehand and was chosen in accordance with practical recommendations. Noise N(t)
was generated by a generator of random numbers having a normal distribution law
M[N(t)] = O and o2[N(t)] = 1. As an example, in Figure 2 we show the original and
transformed signals, as well as their corresponding correlation functions.

Between the tracks thus formulated, we determined the temporal displacement with
respect to the FVK's maximum. The fact that the solution of any computational
problem by constructing and realizing an artificial random process can, in the fi-
nal result, give only approximate values of the unknown parameters, or so-called
estimates of them, applies to a number of features of a method with statistical
testing [2]. A solution obtained in this manner is of practical value only if it

- is possible to find an area of possible deviations of the obtained estimates from
the corresponding unknown parameters; in other words, if the accuracy of the esti-
mates is investigated. As the estimates in this problem, we chose the mathematical
expectation m, and dispersion a% of the temporal displacement T as a function of
the signal-to-noise ratio. In order to evaluate the noise level, we used the ratio
of the square of the signal's peak value to the dispersion of the noise, which is
used very extensively in seismic surveying [3]:
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P:EzL- . . (3)

Analyses were conducted for p = 3, 1, 0.5, 0.2. It was assumed that the permissi-
ble measurement error was 2 ms. In order to achieve a confidence probability P of
0.95, the experiment encompassed 384 observations. The functions of the distribu-.
tion of the temporal displacement between the tracks for the given values of p are
shown in Figures 3 and 4 for the standard and converted forms of the recording, re-

~ spectively.
Fiace
90 1 P-g
>
60 4 pr1
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Figure 4.

The calculated statistical characteristics (mathematical expectation and disper-
sion) for the obtained distributions are presented in Table 1.

Figure 5 shows the dependence of the deviation in mathematical expectation m; on
the true value for the given values of p, while Figure 6 shows the dependence of
dispersion o% for the computed displacement T.

Analysis of the results obtained with the help of the numerical experiment with the
computer showed that for a sufficiently large signal-to-noise ratio (p > 3), phase
encoding of the original information yields no gain in noise stability in compari-
son with the standard form of the recording, although for small signal-to-noise ra-
tios (p < 1), the gain is obvious (Figures 5 and 6). This can apparently be ex-
plained by the fact that when there are severe distortions of the useful sigral (a
small signal-to-noise ratio), the cross-correlation function for the standard form
of the recording is computed with more substantial errors than in the second case,
where the form of the recording is not taken into consideration
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Further, we carried out an experimental investigation of the possibility of using
phase encoding when processing seismograms. For this purpose we developed an algo-
z rithm for computing the waves' mutual displacements for both the standard recording
and the one converted into the form of nulls of a clipped signal; this investiga-
tion utilized materials from the Tomsk Geophysical Trust. The static correction
factors computed with the algorithm were introduced into the appropriate tracks and
the tracks were summed with the reference track with respect to which the correc-
tion factors had been computed. The summary recordings for the standard and con-
verted forms of the recordings are presented in Figures 7 and 8, respectively.

A comparative analysis of the results showed that the location of the main maximum
on the temporal axis of the summary recordings coincided and was 304 ms, while the
values of the maximums themselves also differed very little. At the same time, on
the second recording there is more nearly complete suppression of secondary waves
and discrimination of the basic wave (three wave entries are quite visible in Fig-
ure 8).
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Thus, our investigations indicate that the prospects are good for the utilization
of phase encoding, in connection with which the volume of the original data can be
reduced by a factor of 15-20 and the noise stability of the determination of the
displacements for small signal-to-noise ratios can be improved.
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[Text] The authors discuss questions concerning the mathematical
modeling of the processes involved in the recording of seismic
signals on a thermoplastic carrier, and investigate the effect of
different parameters on the depth of the groove and the rate of
relief development for the purpose of insuring the best matchup
of temporal relationships during data input-output utilizing an
optical processor.

During the development of an opticodigital computer complex (OEVK) for the process-
ing of geophysical information as a somewhat complicated computer system, there
arises the problem of choosing the most rational structure for the computer com-
plex, allowing for the properties of the signals being analyzed and the processing
algorithms being realized, the determination of the basic parameters of the sys-
tems' elements and assemblies, and the study of the effect of different factors on
the entire process of the realization of hybrid computations.

The formulation of a mathematical model of the OEVK is of importance both for the
synthesis and analysis of the hybrid opticoelectronic system.

The mathematical description of an OEVK can be determined in several stages. 1In
the first stage, for example, on the basis of the required class of processing al-
gorithms that must be realized in the OEVK, the general structure of the system is
planned and several alternative formulations of it are examined.

During the next stage, a functional description of the separate units and assemblies
is determined and the effect of their parameters on the system's characteristics and
operating modes is investigated.

The basic functional elements of an OEVK include a spatiotemporal light modulator
(PVMS) that makes it possible to carry out the operational input of data into an
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optical processor. A comparative analysis of existing PVMS's showed that the use
of light-valve tubes with a thermoplastic carrier shows promise for the processing
of seismic data [1].

The processing of recording a signal on a TPH [thermoplastic carrier] with the help
of an electron beam can be broken down into two stages: application of the charge
to the TPN, which leads to the appearance of electrical forces capable of deforming
the thermoplastic layer, and the recording appearance and erasure stagde. Depending
on the mode chosen for the recording of the seismic signals, these stages can be
either carried out at the same time or realized separately.

In order to determine the mathematical description of the relief manifestation and
erasure process, it is necessary to know the medium's equation of motlon and the
nature of the forces causing this motion.

In the literature there are several approaches to the description of the process of
- relief manifestation and appearance on a TPN [2,3].

For cases where the applied voltages and deformations are small, a TPN can be de-
scribed in a linear approximation based on the relationships derived during the de-
scription of the mediums' motion with a (Fogt) model, which is the most common one
and takes into consideration the properties of an elastic-viscous, .as well as a
viscous, medium.

Under these conditions, the problem of finding the mathematical description of the

- appearance and erasure of surface relief on a TPN can be reduced to the thuvee-

= dimensional problem of determining the deformations of the surface of an incom-
pressible, elastic-viscous layer of finite thickness d when it is acted upon by
surface and volume forces with an initial disturbance F,,. In Cartesian coordi-

- nates x,y,z, the elastic-viscous medium's equations of motion have the following
form [2]: ’

: , ,
- g.ﬂz:-}- 9P ,yaVe +ﬁ_aajvﬂ/t«fm ;
#"’ "“VAVy %A./Vyaé F"J‘) (1)
ggz_-fc,.gﬁmvz +ﬁ.4jvzaz+&

where Po(x,y,z) = gurface density of the forces, the value of which is assumed to
be given at the initial moment; Pq(x,y,z,t) = components of the initial volumetric
density of the forces with respect to the axes; p = density of the medium; v = rate
of motion of the medium's particles; A = a Laplace operator; G = equilibrium shear
modulus; p = coefficient of viscosity: v = u/pi Vg, Vyr V, = velocity components,
the initial values of which equal zero.

When recording with an electron beam on thermoplastic layers more than 10 u€ thick,
it is possible to allow for the effect of only the normal component of the surface
forces r(x,y,z) on relief appearance and erasure.

When the layer is acted upon by a periodical normal force density of the type

_v- O - fﬂ,
Brezybi=z 2 Ree " erxx o3 21fy, ¥ ()
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the equation for'“the deformation of the TPN's surface has the form
e o
= 6, .
ﬁ(»",}//f/ A_Z:‘ gd A,‘L cos BT bz, T Wgwﬁj’J (3)

where Apy = the depth of the relief groove of the nk-th harmonic =
—uf (mA)l ik tm £/
Bakyvugimbre P T )
(et &) - s (r, $)) (16 R mh +REa Fe)
where Pp = ampli%ﬁde of the density of the nk-th harmonic's forces; f,, fyk =

spatial frequencies with respect to the x~ and y-axes, respectively; Apx = General-
ized spatial frequency;

Rnk =0T Vel fyy , U (m h1= -‘fﬁ%ziﬁv_‘,

Tp(n,k) = relaxation time constant of the nk-th harmonic's forces,

(4)

Fa= Yo Sh Lk “%nd
A Z,AM:,‘
where ok = normalized generalized spatial frequency:
| s =d ns
For each individual seismic track during the recoxding of the signals on a TPH, ex-

pression (4) can be discussed in a unidimensional approximation; that is, we assume

that Ay = 2nf,, and

: -upt  cuft

A =Pbivpie - ) : (5)
"~ (U ~ua) [46 2T fm, + (20 f2, )2R]

" For known charge motion time constants, the amplitude of the forces' density are

determined by the relationship

_ dd ,
R= b wmmd (6)

where 0y, 0y = surface density of the electrical charge (constant and sinusoidal
components, respectively); €g = electric constant; €; = dielectric constant of a
vacuum; €9 = dielectric constant of the thermoplastic.

By substituting expression (6) into (5), we can obtain an expression that makes it
possible to investigate the dependence of the relief groove's depth on the charge
density and the modulation factor.

In accordance with the model of the appearance and erasure of information recorded
on a TPN that we have been discussing, we calculated and investigated (with the
help of a computer) the temporal changes in the depth of the groove for several
temperature modes and spatial frequencies of the signals for different charge den-
sity and modulation factor values.

The range of the change in temperature was selected so as to encompass the possible

thermal operating conditions for a light-valve tube, ranging from the glass~
transition temperature to the TPN's flow temperature (80-140°C).
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Figure 1. Curves 1-7 have been plotted for temperatures of 140,
130, 120, 110, 100, 90 and 80°C, respectively. '

The choice of the spatial frequencies was made for a provisional band of seismic
signal frequencies. of 20-100 Hz, with due consideration for their recording on a
TPN in amplitude-pulse modulation form [4]. The light-valve tubes's resolution
with the TPN was assumed to be 20 lines/mm, which was preliminarily accepted as the
signal quantification frequency during their recording with amplitude-pulse modula-
tion. Starting from what has been said, during the numerical modeling we conducted
our investigation for spatial frequencies ranging from 10 to 27 lines/mm. When
calculating the depth of the relief groove on the TPN, in accordance with [5] it is
necessary to allow for a number of parameters, the values of which depend on the
temperature: viscosity factor u, equilibrium shear modulus G, surface tension co-
efficient a. For our calculations, the values of these parameters were taken from
sources in the literature [2].

Figure 1 contains graphs characterizing the temporal change in the depth of the re-
lief groove for different temperatures and spatial signal fregquences of 10, 15, 20
and 25 mm .

Figure 2a depicts the dependence of the optimum appearance time t,, on the temper-
ature for different spatial frequency values. Here we understant tgpt to mean the
appearance time obtained for the maximum value of the relief groove's depth.

An analysis of the results that were obtained showed that as the temperature in-

creases to 130°C and the density of the applied charge remains the same, the relief
groove's depth increases and its optimum appearance time decreases. In connection
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Figure 2. Curves l-4 have been plotted for £, = 10, 15, 20 and
25 mm~1, respectively.

with this, however, there is also an increase in the relief erasure rate, it being
the case that beginning with the temperature at which the thermoplastic changes
from an elastic-viscous state to a viscous state (120°C), its properties change
abruptly and the curves take on a resonance form.

Figure 2b shows the dependence of the relief groove's maximum depth on spatial fre-
quency f, for different appearance temperatures T.

At high temperatures the characteristics are of a resonance type, which makes it
possible to lower the level of the high-frequency noise in the reproduced image.
However, this property can result in signal distortion because of "butchering" of
some part of its spatial freguencies. It is necessary to take all of this into
consideration when selecting such parameters as the band of spatial frequencies of
the signals being recorded .and the temperature at which the information is recorded
on and erased from the TPN.

Using the characteristics that have been obtained, it is possible to construct a dy-
namic manifestation surface A = 9(t,T) that describes most nearly completely the dy-
namics of the relief formation and erasure process on a TPN and makes it possible to
select the best relief appearance and erasure mode as a function of the selected du-
ration of a frame of the seismic signal recording.

The graphs that have been presented were calculated for charge density 0j = 0.2-1073
C/m?2 and modulation factor M = 0.6.

A computer was also used to calculate the depth of the relief groove for different
charge density and modulation factor M values.

The functions Ap., = (U,M) are presented in Figure 3.

From the graphs it is obvious that Ap,, increases at the depth of the relief groove

* does, but--as is demonstrated in [5]--a decrease in the depth of modulation of the
applied charge results in suppression of the nonlinear frequency distortions. Con-
sequently, it is necessary to allow for both of these factors with selecting these
parameters.
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Figure 3.

At the present time, experimental investigations are being made of the processes
involved in recording and erasing signals on TPN's, as well as the ¢orrection and
refinement of modeling results, which in the future will make it possible to choose
optimum conditions for recording, reading and erasing information, thereby insuring
the best matchup of temporal relationships for data input-output utilizing an opti-
cal processor.,
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UDC 550.834
ON THE POSSIBILITY OF OPTICAL MODELING OF SPATIALLY NONHOMOGENEOUS MEDIUMS

Leningrad GOLOGRAFIYA I OPTICHESKAYA OBRABOTKA INFORMATSII V GEOLOGII in Russian
- 1980 (signed to press 19 Nov 80) pp 74-83

[Article by V.B. Konstantinov and D.F. Chernykh from collection of works "Holo-
graphy and Optical Information Processing in Geology", edited by Professor S.B.
Gurevich and Candidate c¢f Technical Sciences 0.A. Potapov, Leningrad Physico-
technical Institute imeni A.F. Ioffe, USSR Academy of Sciences, 500 copies, 181
pages]

[Text] The authors analyze the use of holographic technology in
the solution of seismic surveying problems. They determine the
caonditions under which an undistorted image of geological struc-
tures can be observed and present example of the use of holo-
graphic technology for the optical modeling of spatially non-
homogeneous phase and amplitude mediums.

The wave nature of the processes on which seismic surveying is based and the pro-
cesses involved in the formation of an optical image make it tempting to use the
achievements of modern optics for the solution of seismic and geophysical surveying
problems. The present level of work being done on methods for the optical process-
ing of information and in holography makes it possible to hope that it will be )
feasible and promising to use these methods both for processing and storing seismic
surveying data and to interpret them. The discussion of the question of the feasi-
bility of using optical methods instead of or together with modern computers is an
extremely urgent one in view of the modern requirements for an increase in the ef-
ficiency and rapidity of methods for prospecting for useful minerals. In addition
to the possibilities of their use in geophysics, optical methods may also prove to
be useful in audiovisual and sound fixing and ranging systems. We will concern
ourselves with the question of the use of holographic technology to solve seismic
surveying problems.

In this area there exist several possibilities:

1. The visualization of a geometric structure's profile [1] or a three-dimensional
image of this structure directly from seismic surveying data.

2. The visualization of a geometric structure's profile or a three-dimensional im-
age from seismic surveying data after computer processing of the data.

3. The visualization of models of geological structures calculated by computers.
4, The synthesis of optical images of three-dimensional structures or elements of
these structures with given parameters (optical modeling of spatially
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nonhomogeneous mediums), both for the purpose of discovering methods for interpret-
ing images of geological structures and directly, in order to interpret three-
dimensional images of structures.

5. The use of analogy with optics, for the purpose of optimization of the number of
seismic sensors used and the placement of seismic vibration sources and sensors,
maximization of the signal-to-noise ratio and so on.

‘ ‘2_‘/ . Q "A;%‘) A,

& .
- : 2 z
/! ] ‘Z/ |
yz.
l"z\

(om, G-~
(%8, 4 ,%)

5

(Zo,% ,%)\ 3 |
a) b)
Figure 1. a. Diagram of hologram recording: 1. hologram; 2. ob-
ject; 3. point reference source. b. Image reproduction diagram:

4, reduced hologram; 5. point reproducing source; 6. actual re-
- produced image; 7. imaginary reproduced image.

In order to answer questions about the feasibility of the practical realization of
each of the listed possibilities, it is necessary to examine them carefully and,
possibly, even conduct theoretical and experimental investigations. For instance,
in order to obtain a three-dimensional image of a geological structure directly
from seismic surveying data and from data processed by a computer, it is necessary
to record the amplitudes and phases of the seismic waves and then transfiorm the
data obtained into (for example) a hologram, assuming that this can be done. There
then immediately arises the question of what will be the nature of this hologram
and whether or not the transformation will result in undesirable distortions. For
this purpose, let us examine the relationships coupling the coordinates (x3,¥3,27)
(Figure 1) of a real geological structure with the coordinates (x3,¥3,23) of the
points in its optical image. Let the information about a seismic field be regis-
tered in area xy;, while the length of the seismic wave is }j. In order to repro-
duce the optical image it is necessary to have a reduced hologram with area xpyp =
= mzxéyé for the reproducing light on wavelength Ay = ulA;, where m = coefficient of
linear reduction of the hologram, while p is the relationship between the registra-
tion and reproducing wavelengths. Then, in the general case, for arbitrary loca-
ticns of the point reference source (xo,yo,zo) and the point reproducing source
(Xg,yp,2p), the relationship between the coordinates of the structure's points and
those of its optical image is determined by the following relationships [2]:
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where Mponeps Mppog = scale coefficients for the transverse and longitudinal dimen-
sions of the image. As is obvious from (4) and (5), these expressions are differ-
. ent and, in addition, depend on the geometric parameters of the holography and re-
production systems. This means that in the general case, the reproduced image will
have geometric distortions that it is practically impossible to compensate for.

For the case of Fresnel's widely used holography system, where plane reference and
reproducing waves are used (that is, zg > ® and zg * «) , expressions (l)-(5) take
on the forms

) | 24 =(=-‘-={f,f+;).- =2 ./z'%‘ﬁ' (6)
‘x":; =z, @m.;;j 2 =, , (7

S5 s A oy, @

Lrosh [ = 5 A 2 (9)

Mrogpil =7 225 | (10)

Although in this case the transverse and longitudinal scale coefficients differ

from each other by the nature of their dependence on coefficients m and i, as is

shown in Figure 2 they do not depend on the geometric parameters of the holography

system. This makes it possible to obtain a geometrically undistorted optical image
- of a geological structure when m = u,

However, calculation-of -the dimensions of the hologram and the reproduced image, as
carried out for holography system parameters xé = yé =X) =y = 2Z) = 2-10° cm, '
Ay = 10-10% cm3 and reproduction system parameter:A, = 0.63+105 cm, shows that for
m= 1y =6.3(20"8-10"9), %, = y5 = x3 = y3 = z3 = 1.2(1072-10"3) cm = 0.12-0.012 mm.
The practical realization of a hologram of this size is possible, but in order to
examine the details of the image it is necessary to use optics, which again leads
to genmetrical distortion of the image.
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Figure 2. Dependence of transverse Mnonep and longitudinal anog
scale coefficients on hologram's linear reduction factor m for
u = 6.3-1078, u, = 6.3-1079.

Therefore, it is necessary to look for an optimum solution to the problem of se-
lecting coefficient m for a given M that will make it easy to observe the three-
dimensional image of a geological structure when there are moderate geometric dis-
tortions or to look for methods of compensating for those distortions.

In should be mentioned here that the calculation was made without allowing for the
dispersion of the seismic waves, the nature of which differs from the dispersion of

light.

Thus, even the question of depicting seismic data in the form of a three- -
dimensional image of a geological structure proves to be quite complex.

The problem of the formation of holograms with the help of a computer [3] can be
solved successfully, although there also there are certain limitations caused, on
the one hand, by the small equivalent aperture in which the seismic field is regis-
tered. On the other hand, a significant enlargement of the aperture--that is, an
increase in the number of sensors and, therefore, the volume of information at the
computer's input--can cause a sugstantial increase in the amount of time needed for

- the processing. For example, for the formation of a hologram that consists of 106
elements and makes it possible to reproduce the image of a plane object with no
more than 10° elements, when a rapid Fourier transform is used the computer compu-
tation time will be 20 min [2]. It is obvious that in order to obtain even a ster-
eo image the computation time will at least double, while the question of the
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Figure 3. Holographic modeling of a layered structure: 1, 2, 3.
glass plates with different refractive indices; 4. photographic
plate; 5. parallel reference beam; 6. beam illuminating the ob-
ject.

amount of information the hologram must contain in order to produce a three-
dimensional image of satisfactory quality requires further investigation.

However, even assuming that the question of the formation of a hologram with given
parameters can be solved successfully, it is necessary to be sure that the operator
will be able to interpret the image of the geological structure. In connection
with the holographic image of a geological object, it will be observed as if from
above, from the direction of the diurnal surface. This observation position is not
customary for geophysicists dealing with the profiles of geological structures. In
addition to this, we should (using an optical analogy) regard the geological struc-
ture as a phase object; that is, an object in which the basic information is con-
tained in phase, and not amplitudinal, relationships. Some layered structure with
different refractive indices can be used as an optical model of such an object.
Figure 3 is a representation of the simplest structure of this type and the layout
for obtaining an optical hologram. 1In the reproduced image, the shape and location
of the spots of reflected light on the layers' boundaries depends essentially on
the depth of focus. Therefore, the question of the correct interpretation of the
image by the operator reguires special consideration. The creation by the holo-
graphic method of standard optical models of spatially nonhomogeneous structures
may prove to be useful for educating operators. In connection with this, the holo-
grams of these models can be formed by optical methods or can be designed on a com-
puter.

In our opinion, the holographic method of synthesizing models of a complex three-
dimensional structure is the most promising one. Figure 4 depicts a system for the
holographic synthesis of a model of a three~dimensional, amplitudinal model. The
point source, which in this case is the light guide's end face, is set, in turn, at
given points in space. Because of the multiple exposure, the photographic plate
sums up all the information about the all the positions of the point source. The
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Figure 4. Diagram of holographic synthesis of model of amplitu-
dinal, three-dimensional object: 1. laser beam; 2. splitter; 3.
microlens; 4. light guide; 5. end face of light guide; 6. given
positions of end face of light guide; 7. photographic plate; 8.
mirror; 9. collimator; 10. reference beam. '

set of the point source's simultaneously reproduced images also forms the three-
dimensional image of a nonexisting object.

Conclusions

1. Thus, even when the discussion is only superficial, the use of optical methods
for visualizing geological structures is extremely complicated.
2. In order to make a final judgment about the feasibility of the use of these

= methods, it is necessary that at least the following be done:
a. determine the feasibility of creating a three-dimensional image of geophysical
structures;
b. determine the prospects for methods for the optlcal modeling of geophysical
structures;
c. compare the possibilities of optical modeling methods with other methods for
modeling geophysical structures.
3. The achievements that have been made in digital, acoustic and optical holography
and the demonstrated capabilities for the synthesis of images of three-dimensional
structures gives us a basis for hoping for a successful solution of these problems.

The authors are grateful to S.B. Gurevich and N.A. Karayev for the discussions that
led to the appearance of this work.
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UDC 550.834

DESIGNING OPTICAL BINARY FILTERS BY LOMAN'S AND LEE'S METHODS AND USING THEM FOR
THE FILTRATION OF SEISMIC MATERIALS

Leningrad GOLOGRAFIYA I OPTICHESKAYA OBRABOTKA INFORMATSII V GEOLOGII in Russian
1980 (signed to press 19 Nov 80) pp 84-90

[Article by Ye.N. Vlasov, A.M. Kuvshinov and 0.A. Potapov from collection of works

_ "Holography and Optical Information Processing in Geology", edited by Professor
S.B. Gurevich and Candidate of Technical Sciences 0.A. Potapov, Leningrad Physico-
technical Institute imeni A.F. Ioffe, USSR Academy of Sciences, 500 copies, 181
pages]

[Text] The authors explain the principles of the filtration of
seismic materials with binary filters. They give the mathemati-
cal substantiation for this technique and present specific meth-
ods for its practical realization.

The production of an optical filter with a given transfer function is a rather com-~
plicated problem, so it is only natural to look for methods that can simplify its
solution. 1In this article we discuss the possibility of applying Loman's and Lee's
methods for calculating and forming binary digital hologram filters to the problem
of designing different optical filters that can be used in the optical processing
of seismic information.

Among the advantages of filters obtained with Loman's and Lee's methods over stan-~
dard holographic filters synthesized by a computer, first place is occupied by
their binary nature. This eliminates the need for halftone registration of the
computer-synthesized filter and places less rigorous requirements on the modula-
tor's linear band, since the filter's binary picture is less sensitive to the ef-

, fects of modulator linearity. In addition to this, a binary picture can be depict~
ed more easily and accurately with the help of standard devices for the output of
information from a computer onto an optical carrier.

Let us discuss the process of the formation of an optical filter with a certain
transfer function, using Loman's method [1].

Each element of such.a filter can be either transparent or nontransparent; that is,
it takes on one of two values that can be compared with zero or unity. Such a fil-

ter can even be developed on an alphabet printer and then copied onto a photograph-
ic carrier.
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Figure 1. Diagram of KOP for Fourier transform operation.
- Key: 1. Subject plane 2, Frequency plane 3. Laser

Figure 1 is a diagram of a coherent optical processor (KOP) that carries out a
Fourier transform. Let coordinate system OXY be given in plane P, while system
Owyw, is given in plane 2. We will designate the light field after it has passed
the phototransparency in plane P as h(x,y), while the field in plane ¢ is H(wx,wy) .
It is then the case that

Fi (2 e+ ﬂ'
,:(Lox,uf,)“' /f/w.gdweéf =¥ xdy: (1)

where A = wavelength of the coherent light; £ = focal length of lens L;. Let func-
tion H(wy,wy) be quantified in some allowable manner, whereupon

zu(.zwi+yufu/

lxw—zz/-/rw' /e ,mnrO,“ (2)

Since integral (1) and series (2) converge uniformly, by substituting (2) into (1)
we obtain

//(u&,uy) f/z:z/frwx,ugie fi[“" e ’”5"‘91/@4, (3)

Let us designate the amplitude spectrum as lenI and the phase spectrum of the
_ quantified function H(w} wn) as ¢mn' whereupon

//(wc,w"/ IHo lel” @

By changing the order of integration and sunmation in expression (3) and replacing
(wmx,w§) by its value from (4), we obtain

- Y R R |
Hiez, uy ZZ///HMIe ¥ B A, (5)

When the variable Apnx is added to and subtracted from the exponent in expression
(5), it will take on the form
u@’y—.’n;*‘lm-—ﬂ

/7’/:(/,!45) rp ):_/77/,,.,,/8 yﬁw:‘ “ -Am)u‘c’f“& dzdy. (6)

.-~-.—

Let us now select the value of Ay, so that Amnx ~ ¢mn = 03 it is then the case that

i B L5 A 05 T
Hov, ) = 5 5= -l Huun /j e ‘ A,

—® g

(7
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Making use of fhe“relationship

i L,

where § is a Dirac delta function, we finally find
e e g e a
flrua.”&’=,§§/Hm,,iJ7uc¢-a& By ) I 105~ 247) (8
For a fixed value of n, we will determine the value of Ay, from the expression

Bma = Lirlp/md)], ©)

while the main value of ¢, is

Sl
JS=T 4, (10)
Here, ¢ = main value of ¢p,, @ = distance between the apertures, m = number of the

reading.

Relationship (8) is the expression for the Fourier spectrum of a binary optical
filter. From this expression it is obvious that it is a set of transparent, rec-
tangular apertures against a nontransparent background, it being the case that the
width of the aperture is identical for a given filter, while its height is propor-
tional to amplitude lenl at the point with coordinates (wﬁ,wg) and its center is
displaced along the w, axis from the grid junction point with numbers (m,n) by dis-

tance Apy.

Let us discuss the process of producing a binary optical filter according to
Loman's method, using as an example a matched filter with the transfer function

—-—-MST““T&-L-“" L, (11)
Bn (W, ufy)

where S*(wx,wy) = S(wk,wy) complexly conjugated to the useful signal's spectrum;
B (wx,wy) = energy spectrum of the interference.

L s, up) =

Methods for evaluating the amplitude and phase spectrums of a seismic signal (as-
suming that the signal being processed is a minimal-phase one), as well as the in-
terference's energy spectrum, are discussed in [3].

With due consideration for the evaluations given in [3], in order to construct a
filter it is necessary to:
1. select distance d between the apertures;
2. select the size of the aperture;
3. calculate the value of ., starting from relationships (9) and (10);
4. determine the apertures' coordinates. (Since we need a value that is complexly
conjugated to the useful signal's spectrum, we should use the relationship

L —iRC-wWIRT T gy T

e dx =B,

~ o

We will then determine the apertures' coordinates from the equalities

8y *%"E “& =0,

Wy =0.);
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5. calculate the apertures' heights, which must be proportional to [hmnl;
6. compute the filter's transfer function according to formula (11);
7. transfer the picture obtained from the computer onto a photographic transparen-

cy. e :
7 /
1
. W47/
Wy~ Y ' —'"_+_:§/
//. W7
/)

Amn / '

aF
Figure 2. Element of an optical binary filter obtained by Loman's
method.

Wy

Tn Figure 2 we seen an element of an optical binary filter obtained by Loman's
method.

- Here, wm wn) = the distance by which the aperture should be displaced along the wy
axis in order to preserve the phase relationships.
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Figure 3. Fragment of a filter.
[Best reproduction available]

Figure 3 depicts a fragment of an optical filter designed on a computer by Loman's
method and transferred from the computer onto a photographic transparency.

Filtration of seismic materials has been carried out with a "Kogerent" unit [4].
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Another method for encoding the wave front is Lee's method [5], which also makes it
possible to obtain binary filters.

The Fourier spectrum of a filter obtained by Lee's method can be written in the
form

et 1) = 5 5 [ it -0 10507+
+ 6,«;, dtwe - %’/J"mg, -2y ¢ -
*&mﬁmw%@mﬁ%vﬁﬁ+ [sic--no (12)]
_  Cpupe e -0 ™ £7) cf?ag -,
where §(w) is a Dirac delta function.
Coefficients Appn, Bpns Cmn and Dy, in (13) have the following values:
AM = Hmee| «”Y""‘"
Birn = | Hmnl S T,
G = A ~lHomn| <038 T,
j)ﬁm.=¢3ﬁvp-hqnut/4&ﬂ—?5m%

From (13) it is obvious that each complex reading of the filter's function, as made
at point (wx,wy), is represented in four transparent apertures with coordinates

m . n
(W, ), (05w, (WS, ), (g™ T, W)
The aperture's width is identical for a given filter, while its height is propor-

tional to Apn, Bpns Cpn and Dyp. Filters obtained by Lee's method can also be used
to process seismic materials.
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uDC 550.834
'MORGOL' MARINE SEISMOHOLOGRAPHIC SYSTEM

Leningrad GOLOGRAFIYA I OPTICHESKAYA:OBRABOTKA INFORMATSII V GEOLOGII in Ru551an
1980 (signed to press 19 Nov 80) pp 91-99

[Article by O.A. Vorob'yev and A.D. Bezborod'ko from collection of works "Holography
and Optical Information Processing in Geology", edited by Professor S.B. Gurevich
and Ccandidate of Technical Sciences 0.A. Potapov, Leningrad Physicotechnical Insti-
tute imeni A.F. Ioffe, USSR Academy of Sciences, 500 copies, 181 pages]

[Text] The authors discuss questions concerning the creation of
a system for continuous marine investigations. They analyze the
present state of the development of ship equipment and propose
principles for the organization of a system for the collection,
processing and visualization of geological and geophysical data.

Multichannel continuous profiling (MNP) entails the accumulation of large data
flows. In connection with this, in order to evaluate the quality of the measure-
ments it is necessary to carry out rapid processing and visualization of the data,
in the form of a deep section, on board scientific research ships [1].

The on-board "Razrez" [Section] recorder, which was developad at the Gelendzhik
branch of NIIMORgeofizika [probably Scientific Research Institute of Marine Geo-
physics], makes it possible to visualize a black-and-white temporal section on
photographic film [2]. However, this instrument does not permit kinematic correc-
tion factors to be entered.

The iTIY rerecording device and the I'C-1 seismic holograph that were developed at
UKRNIGRI [Ukrainian Scientific Research Institute of Geological Exploration] make it
possible to obtain an image of a deep section with velocity and seismic deflection
allowed for. However, the I'C-1 holograph does not make it possible to enter signals
from a multichannel receiving unit ("tail") during the process of profiling with
parallel visual monitoring of the results of the directed filtration of the image
and scale transformations.

The construction of deep sections on the basis of the diffraction transformation
proposed by Yu.V. Timoshin leads to regularization of the signals (as a result of
low-frequency filtration), a change in the section's energy, and large expenditures
of computer time for processing (in connection with the selec¢tion of the weighting
factors) [3]. The equipment realization of the diffraction transformation method
on the basis of a specialized computer is unjustifiably awkward and expensive. The
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highest accuracy in the construction of deep sections for boundaries with an arbi-
trary shape is provided by the migration method that was developed by the American

- scientist (Klerbo). However, the realization of this method on the basis of analog
equipment is difficult, while digital processing on a computer requires large
amounts of time.

In order to insure operational control of marine research directly on board ships,
the Laboratory of Marine Geophysical Holography (IMGG) of the Southern Branch (YuO)
of the USSR Acaégmy of Sciences' Institute of Oceanology is developing the "Morgol"
system for the rapid processing and visualization of MNP data. The "Morgol" system
is the first stage in the creation of a hybrid opticodigital complex for the pro-
cessing of marine geophysical data on board scientific research ships [4]. It is
being created on the basis of mathematical modeling and coupling of the measuring,
recording and control instruments by a common main information line. The modular
structure of the system and the use of the principle of program control makes it
possible to do the following: _
accelerate the planning and production of an experimental prototype of the system by
- using standard KAMAK modules that are produced in this country;

provide a capability for modernization and development of the system while in opera-

tion and when changing marine research techniques;

organize communication between the system and a computer-based on-board computation-

al system.

The "Morgol" system receives signals from a seismic receiving unit (tail) that is
towed behind a ship along with a source. In connection with this, both single-
channel (single-channel continuous profiling (ONP)) and multichannel (MNP) tails are
used.

On a real-time scale (in the on-line mode) the system provides for the visualization
of:

incoming seismic signals (seismograms) from the tail, for the purpose of monitoring
the quality of the data being recorded and controlling the operation of the emitting
and receiving equipment;

temporal sections, for the purpose of determining the filtration modes, the angles
of inclination of the reflecting boundaries, and the choice of the data processing
parameters;

deep sections, for the purpose of geological interpretation, correcting the observa-
tion techniques, and changing the mode of the ship's motion.

A deep metric section is the final result of the processing of seismic data. This
section, which is constructed with depth and distance scales on the profile and is
tied in to the current coordinates, insures the visualization of geological struc-
tures while the ship is in motion. The interpretation of the deep section enables
geologists on board the ship to institute operational measures at the place where
the work is being done. In complicated situations, for the purpose of selecting
the rule for the change in average velocity V(t) it is possible to turn repeatedly
to the mass of data accumulated on magnetic tape by the on-board "Grad" [Degree)
data collection system (in the on-line mode).

The initial stage in the creation of the "Morgol" system is the development of a

single-channel deep section (holograph) plotting device, which is being done by
Voronezh State University's Laboratory of Seismic Holography, under the direction of
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V.I. Dubyanskiy, by agreement with ILMGG YuO. The equipment is intended to operate
by the central beam (TsL) method during ONP and provides for channel-by-channel in-
put, amplification, filtration, compression, color division, light modulation and
storage of seismic signals. When a carrier holding the light guide moves along the
axis of a mirror semiconical converter (2PP) (developed on the basis of v.D.
Zav'yalov's method) according to the V(t) rule, holographic diffraction conversion
(GDP) takes place; that is, the conversion of the seismic signals into an image of
wave fronts. The use of the ZPP in the holograph results in signal scanning by cir-
cles, and during NSP [probably continuous seismic profiling] provides the following:
correct plotting of horizontal and inclined boundaries;

the possibility of visualization on a section of diffraction points, which is par-
ticularly fundamental for working in the ocean;

the possibility of preliminarily determining the rule governing the change of the
waves' average Velocity in the medium V(t) by focusing the difiracted waves on the
diffraction points;

increasing the depth and the signal-to-noise ratio through the use of diffracted
waves in the formation of the section image.

The basic difficulty in using the GDP methods and equipment developed by V.D.
Zav'yalov, V.I. Dubyanskiy and A.I. Khvatov in marine research is the use of photo-
graphic film as the seismic signal storage medium. The use of photographic film re-
quiring extensive processing makes it impossible to visualize sections on a real-
time scale. The use of thermoplastic and photothermeplastic carriers in marine
equipment is made difficult because .of the complexity of the technology and the low
sensitivity of these materials.

The holograph with channel-by-channel input that was developed at Voronezh State
University by A.I. Khvatov has inadequate resolution, "accuracy dnd operating speed,
which makes its use during MNP not very effective.

The use of the semiconical converter in Voronezh State University's holographs when
the MNP method is used results in significant distortions in the plotting of the im-
ages of inclined boundaries.

During MNP, the accurate plotting of the images of reflecting boundaries with large
angles of inclination is possible if elliptical scanning of the signals is used to
plot the sections. The realization of elliptical scanning is difficult when optico-
mechanical holographs are used. For the on-board plotting of sections during MNP,
it is most advisable to use the elliptical image scanning (ERO) principle proposed
by V.V. Kondrashkov [5]. This principle has been realized in analogous form in an
experimental model developed at the "Soyuzmorgeo" VNPO [probably All-Union Produc-
tion Association] by Ye.Yu. Yakush and V.B. Gavryushin. The devices for spatial
filtration and the input of the rule governing the change of velocity in the medium
that are used in this model require further development. The ERO method presumes
the plotting of temporal sections on the basis of the initial seismic traces, using
a new system of coordinates and the input of correction factors. Theoretically

this method is usable for the construction of holographs of boundaries with angles
of inclination of up to 90°. The ERO method is the basis of the construction of
temporal profiles in the "Morgol" system. In connection with this, the average ve-
locity input unit makes it possible to select the V(t) rule on the basis of an anal-
ysis of the section's image by correlation of the holographs of the reflecting boun-
daries.
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- Figure 1. Block diagram of marine holographic seismic survey+
ing system. :

Key:

1. MPU 8. BS 15. VKU 21. BRPy

2. UPO 9. VSGM 16. BZU 22. PLOT
- 3. M 10. vvU 17. ERO 23. BRN

4. US 11. VKP 18. 0ZU 24, UV

5. NML 12. s1P 19. BU 25. PVR

6. PGR 13. APOD 20. BRT,, 26. UMF

7. ZG 14. Bbv

Operating Principle of the System

The following units (Figure 1) make up the "Morgol" marine holographic seismic sen-
sing system: .

a) an input unit (UV);

b) a temporal section plotting device (PVR):

c) a deep section plotting device (PGR);

d) a microfilming unit (UMF).

The input unit makes it possible to enter seismic data from two sources:

a) a multichannel receiving unit (tail);

b) a digital magnetic tape storage unit (NML).

In preprocessing unit UPO.(2), signals from multichannel receiving unit MPU (1)

undergo amplification, filtration, compression and so on. From the output of UPO
(2), the signals are sent to multiplexer M (3), where periodic interrogation of each
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- seismic track takes place; this makes it possible to enter seismic data in the sys-
tem in real time.

Matching device US (4) is used to enter seismograms from magnetic tape storage unit
NML (5).

Seismogram visualization unit VSGM (11) makes it possible to exercise operational
monitoring of the primary seismograms on videomonitor unit VKU 1:(18).

Radio-navigation unit BRN (34) correlates the data being measured to the system of
coordinates and real time.

Temporal section plotting device PVR operates in the following manner.

Signals from input unit UV pass through conjugation unit BS (8) into gating unit
SIP (14) for the ERO isoclinals. The ERO isoclinals for boundaries with any angle
of inclination are determined by the formula

b oo Abollnto) (5.1)
o vialt,~&.) 1
where ty = recording time; %3 = current coordinate at the reception points, as read
from the point of emission; &, = distance between the emission and reception points;
V = average velocity.

Driving oscillator ZG (7) insures the recording of the information in operational
memory OZU (21) and control the system's switching elements.

Velocity V input unit VVU (12) changes the amplitude of the sinusoidal control volt-
age. In kinematic correction factor computation unit VKP (13), recording time tg is
calculated with due consideration for the following changing parameters: current
time tj, distance between the emission and reception points %, and average velocity
V. In order to determine the amplitude of the sinusoidal voltage, which is propor-
tional to ty with respect to the known amplitudes of the cosinusoidal voltage that
are proportional to %,/V and tj, it is necessary to make calculations with the for-
mula

-~ -
fo = ‘/"‘éi}z‘_./%/l% (5.2)

Recording of the data on the temporal section, which is obtained by the accumulation
of the elliptical image scannings, takes place in operational memory O2U. The tra-
jectories of these scannings are determined with the formula

3 /,4&"‘

4 8-t
g "{_,:z =L (5.3)
T Ve 4

Operational visualization of the obtained temporal section is realized on the screen
of videomonitor unit VKU 3 (29), with the help of television scanning unit BRTy
(25).

Plotter scanning unit BRP; is used to send the temporal section data accumulated in
0ZU (21) into plotter PLOT (30). The velocity curves are visualized on VKU 2 (24)
with the help of buffer memory BzU (19).
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With the help of the output unit in PGR (6), the data for a temporal section that
has been obtained can be entered in deep section plotting device PGR.

Deep section plotting device PGR operates in two modes.

1) The plotting of deep sections from the primary material is done analogously to
the plotting of the temporal section in the PVR, with the following differences:

a) directed fan filtration is carried out with the help of apodizatsiya [translation
unknown] unit APOD (15);

b) kinematic correction factor computation unit VKP (16) “makes calculations accord-

ing to formula
H=TE( &I, (5.4

where H = radius of circular scanning corresponding to current time tj.

2) Plotting of deep sections on the basis of the temporal sections obtained from the
PVR is done with kinematic correction factor unit VKP (16) turned off.

The deep section that is obtained should be taken off through VKU 4 (31) or plotter
PLOT (32).

With the help of microfilming unit UMF (26), images from the screens of VKU 2 (24),
VKU 3 (29) and VKU 4 (31) can be recorded on photographic film.

- The use of color division according to energy and frequency features in the "Morgol"
system's plotting devices results in a significant increase in the geological infor-
mation content of the sections visualized on board ships.
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UDC 550.834
ON THE POSSIBILITY OF CREATING A CLOSED CYCLE OF HOLOGRAPHIC TRANSFORMATIONS

Leningrad GOLOGRAFIYA I OPTICHESKAYA OBRABOTKA INFORMATSII V GEOLOGII in Russian
1980 (signed to press 19 Nov 80) pp 100-109

[Article by B.V. Pilipishin from collection of works "Holography and Optical Infor-
mation Processing in Geology", edited by Professor S.B. Gurevich and Candidate of
Technical Sciences O.A. Potapov, Leningrad Physicotechnical Institute imeni A.F.
Ioffe, USSR Academy of Sciences, 500 copies, 181 pages]

[Text] The author demonstrates the possibility of creating a
closed cycle of holographic transformations on the basis of mod-
ern algorithms and specialized equipment for the processing of
geophysical information. ’

on the accumulative level, the basic purpose of seismic holography is the construc-
tion of a section of a depth scale. This problem is solved comparatively easily
when the static correction factors and the laws governing the change in velocity
with depth are known. Even in modern geophysical computer centers, static correc-
tion factors are sometimes determined without the use of a computer. Thus, a closed
cycle of holographic transformations for the purpose of constructing a deep section
without using a computer is possible if the relationship V = V(H) (or any relation~
ship that is unambiguously related to it, such as V = V(tm), AT = AT(tm), where tm =
= time at the minimum of the wave's cophasal axis, AT = deflection of the cophasal
axis, which determines its curvature, and so on) can be found by using a holograph.

The presently existing method of determining the relationship V = V(H) (or any one
that is unambiguously related to it) on the basis of a holograph, which consists of
- plotting a family of wavegrams on the basis of the same seismogram for different ve-
locity values, has a number of disadvantages: the number of wavegrams is determined
by the number of values taken on by parameter V; as a consequence of this, there
arise complications in the identification of the waves (singly reflected, multiply
reflected, regular interference waves and so on) when there is an extraordinarily
large amount of output data. Free from these flaws, for example, is the method of
determining the velocities by summing the instantaneous values of the signals with
respect to the hyperbolic (parabolic) cophasal axes, with subsequent depiction of
the resultant data (a signal function) in the system of coordinates (V,tm), which
method has received the name of curvilinear summation (KS). One of the most power-
ful techniques for determining velocity--KS RNP [regulated directional reception]--
requires the analysis of a set of signal functions (as in the case of wavegrams) ,
although the rate of signal accumulation achieved is higher by an order of magnitude
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or more than for thHe methods known at the present time, with all of the consequences
emanating from this. Let us discuss the realization of the methods for determining
wave propagation velocities using curvilinear summation--KS and KS RNP--on the basis
of holographic transformations (having preliminarily described the realization of
RNP, which is the classical method of seismic surveying) that are most widely used
in computer centers at the present time. We will assume the most characteristic
feature of holographic transformations to be the distribution of the signals' in-
stantaneous values with respect to certain laws (such as circular scannings, but not
them alone) on the,accumulative plane, with natural further summation of the values
falling on the same (or nearby) points on the plane.

Controlled Directional Reception and Its Realization by Holographic Technigques

We will assume that the observation system consists of sensors distributed uniformly
alony a straight line and having the numbers -N,...,0,...,N. Let us also assum:
that the waves picked up by a sensor have plane cophasal axes with the equation

tind =K +%,

where 1 = signal recording time for the central sensor in the base (n = 0); k = dif-
ference in times of arrival of signals forming the same cophasal axis at two adja-
cent sensors; that is, k = t(n) - t(n - 1) (angle of inclination of a wave, in
milliseconds on a track). In accordance with RNP [1], standard processing consists
of forming the signal function (RNP summation tape) Az(k,r) according to the rule

As (Kti=Z Awg?=Tgup (r),

where A(n,t) = equation of the seismogram (n = number of the track, t = current
time; Tgpyp(n) = kn + T = equation of the summation lines; k, T = variable parameters
of the lines (angle of inclination of the wave on the seismogram (in milliseconds on
the track) and time of its registration on the central track (n = 0) of the seismo-
gram) . :

¢ The holographic technique for forming the
)] S RNP signal function is as follows (Figure
c : l1--we will not present the proofs). Let us
£ identify the continuous, limited set of
P points that represents the plane of the
~ . ) signal function's arguments with the plane
(for example) of the photographic layer and
¢ 1_1 assign on the latter the rectangular system
99 n of coordinates (k,T); |k| € kpaxs 0 € T €
ABs&mnu=%%%% $ Tmax- Using the method of variable den-
P sity, we will rerecord the signals (tracks)
previously registered by the sensors and
recorded on magnetic tape, on photographic
film. We will match the information re-
\ cording and rerecording rates so that the
ﬁ.B linear dimensions of the n-th track on the
magnetogram £, and the same on the photo-
graphic film fkopn satisfy the relationship
Figure 1. Formation of RNP signal _ condl b
function Ag(k,1). Cron 11/ = (r i) 7o’
where "const" is the result of equalizing
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the linear dimensions of the zero track on the magnetogram with those of the photo-
graphic layer along the T axis. We will displace the track that has been rerecorded
by the variable density method (Figure 1) parallel to the photographic layer’s plane
so that the projections of the directing motions AC and BD on it pass through points
0 and E with coordinates (0,0) and (0,Tpay), respectively, and intersect the T axis
at angle Y (tg Y = 1/n). During the movement process we illuminate the track with a
parallel beam of light, the source of which we position in such a fashion that the
rays passing through the photographic film strike the photographic layer's surface
perpendicularly. After this procedure has been carried out with all the tracks (but
on the same photographic layer plane (k,Tt)), on the photographic layer's plane there
forms a distribution of densities corresponding to the RNP signal function Agy(k,T),
where a point of maximum signal accumulation corresponds to each cophasal axis.

This setup can also be realized with the help of other equipment (a cathode-ray
tube, a potentialscope and so on), although all its characteristic features (track
compression, depending on its number, and the angle of inclination between the di-
recting tracks and the T axis) must be observed.

Curvilinear Summation and Its Realization by Holographic Techniques

We will assume, as before, that the observation system consists of sensors distrib-
uted uniformly in a straight line and having numbers -N,...,0,...,N. Let us also
assume that the waves received by the sensors have curvilinear--parabolic--cophasal
axes with the equation

L, =K'+t

where T' = signal recording time by the central sensor in the base (n = 0); k' =
difference in arrival times of signals belonging to the same cophasal axis at the
end and central sensors in the base, divided by N2; that is, k' = [t(N) - t(O)]/N2 =
= AT/N2 (AT is the deflection of the cophasal axis). Curvilinear summation of seis-
mic signals (in one of its modifications--the velocity sorting method) is a well-
known procedure that is used for the purpose of determining wave propagation veloci-
ties as a function of their registration time. The origins of KS are explained in
[2-4], while further developments of it are described in [5-9].

Standard processing in accordance with KS consists of the formation of a signal
function (KS summation tape) Ay(k',T') according to the rule

Azk/(,’t’l=§A/n,f?Z’K¢ (rl),

where A(n,t) = equation of the seismogram (n = number of the track, t = current
time); Tgg(n) = k'n2 + T' = equation of the summation lines; k', T' = the lines'
variable parameters; k' = AT/nz; T = deflection of the cophasal axis; T = signal
recording time on the central track (n = 0) of the seismogram.

Let us identify the continuous, limited set of points that represents the plane of
the signal function's arguments with the plane (for example) of the photographic
layer and assign on the latter the rectangular system of coordinates (k',7');

0 <k' & kpaxr 0€ T € Tpay-

The holographic method for forming the KS signal function Ag(k',T') coincides with
the method for forming the RNP signal function by the same technique that was de-
scribed above. The necessary changes in the method are as follows (Figure 2):

the information registration and rerecording rates should be matched in such a
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q . . fashion that the linear dimensions of the
? n-th track on the magnetogram %, and the
. photographic film ¢ satisfy the rela-

\\ kon

tionship
corgt é’; .
A’On (ﬂ/ (rY+d] 72 »

\\ N the projections of the directors of the
. bgl=m ’ photographic film's motion onto the plane
\\ AB=&mUU constly of the photographic layer AC and BD must

(%)% . .
intersect the T' axis at angle Yy (tg v =
= 1/n2).
F \ . -H‘
‘\ \\ . The remarks previously made are also cor-=
§ rect with respect to the possible equipment

|
r‘)\\‘g\ ‘ realization of the system.

The KS RNP algorithm consists of three ba-
A sic parts: curvilinear summation (KS), a
Figure 2. Formation of KS signal former and controlled directional recep-
function Aj(k',7'). tion, and involves the sequential, joint
processing of a group of seismograms by the
KS and RNP methods. The rational integration of these methods is described in [7]
and is realized by the former. An investigation of the properties of the KS RNP
complex and its realization in programs for a "Sigma-5" computer are described in
[8]; several applied aspects that are related to the use of the complex and its
realization in programs for a "Minsk-32" computer are discussed in [9].

Into the system s input are fed an odd number (2S + 1) of OGT [common deep point]
seismograms AS(n,t) (S =0 ,+1,...,4S) formed from a series (25 + 1) of side-=by- -side
common deep points. Let us carry out the curvilinear summation of these points (the
definitions are the same as before):

AL (k81 = £ A'tryt=Tenl)

At the output of the KS unit we obtain (&S + 1) KS summation tapes A%(k', ') that
are quantified by the independent variable k'. From the KS summation tapes, we form
group KS tapes (by analogy with directed RNP group tapes [1, pp 17-19]1, the only
difference being that instead of the angle of wave arrival we use curvature of the
cophasal axis k') AE;(S,T) in the following manner: the first XS group tape is put
together from all of the first tracks of the KS summation tapes by arranging them
(the tracks) in the order of arrangement of the KS summation tapes and is labeled
with the indicator "k'" of the first tracks of the KS summation tapes and so on; the
last KS group tape consists of all the last KS summation tape tracks, arranged in
the order of arrangement of the XS summation tapes and labeled with the indicator
"k'" of the last tracks of the KS summation tapes. The KS group tapes AE (s,T")

are formed from the Ks summat+on tapes Aﬁ(k' T') by the former. The meaning of the
transformation aS (k',T ) + Ak (5,T') is as follows: if for any of the reflecting
horizons the cophasal :axis curvature k' k' that corresponds to it was selected
during the curvilinear summation process, on the group tape formed from.these tracks
(and labeled with the indicator k ) is depicted a fragment of the temporal section:
a plane, reflecting area with an unknown angle of inclination. This fact makes it
possible to subject each KS group tape to repeated summation according to RNP; that
is,
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x TRl
Azz 67 = Az (5,T'= Tpyn(s)),

where Tgyp(S) = kS + T = equation of the summation lines; k, T = variable parameters
of the lines (the angle of inclination of the reflecting area (in milliseconds on a
track) and time of registration of the area on the central track S = 0 of the X8
group tape); AEE(k,T) = summation tapes--signal functions of the KS RNP algorithm,
the number of which equals the number of values taken on by parameter "k." From the
description of the complex that has been presented it follows that the number of ac-
cumulated signals equals the product of the number of accumulations during KS and
the number of accumulations during RNP. Thus, the summary signal is frequently the
result of the accumulation of 80 or more original seismic signals (for example, 9
accumulations according to KS and 9 according to RNP results in 81 accumulations

(9 x 9)). The large number of accumulations provides the KS RNP algorithm with a
whole series of advantages over other well-known algorithms.

Let us mention here that the realization of the KS RNP algorithm in accordance with
the setup that has been described (and which is unique at the present time) , using
any devices (optical, electro-optical),.is possible-but extremely awkward. During
its realization we have two intermediate masses of information (KS summation tapes
and group tapes) that have to be recorded, stored and read.

Let us assume that the planes on which the formation of the KS RNP algorithm's sig-
nal functions A§%(k,T) takes place are formed of a continuous, limited set of points
(such as the plane of the photographic layer). On each of these planes we will as-
sign a rectangular system of coordinates (k,7), where {kl $ Kpaxr 0 § T § Tpaxi We
will assume the parameter of each plane to be the corresponding value of k' from its
search interval.

R T QEZE) The holographic tecbnique f9r the formétion
of the KS RNP algorithm's signal functions
\\ (we will describe it in an example of the
\ \\Er-—q formation of A§E=k0(k,r)) coincides with
\ \\ #n? the technique for the formation of the RNP
\ L __} signal function that has been described.
\ : The necessary changes are as follows (Fig-
' ure 3):
the information registration and rerecord-
ing rates should be matched in such a man-

=

by,

Lo const

- ‘\\ AB=Choqts)= 25t

(-S‘PJ) [Z]

"

ner that the linear dimensions of all
tracks of the S~th seismogram on the mag-
netogram ZP and the photographic film Lxon

satisfy the relationship

'5}¢n(3)=é?tfﬁ%%;;

after the dimensions of the n-th track of
the S-th seismogram are reduced to the val-
ue fxon(S). the track must be shifted down-
ward relative to the 1 axis by the distance
kénz, which has also been preliminarily
transformed according to the formula pre-

I
\{XJ’?\MB
A!

Figure 3. Formation of one of the
KS’RNP signal functions (k' = ké)
ak=k (1, 1) .

sented above;

the projections of the directors of the photographic film's motion onto the plane
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of the photographic accumulator AC, BD must intersect the T axis at angle Y, for
which tg vy = 1/3 is correct.

The remarks previously made relative to the possible equipment realization of this
system are also correct.

The results obtained indicate the possibility of creating a closed cycle of holo-
graphic transformations on the basis of contemporary algorithms. In order to do

- this, it is sufficient to "furnish" the holograph with curvilinear scanning with re-
spect to a number of directions and possible displacement of the scans along the 1
axis, while the original information is "compressed," using a certain compression
factor, during rerecording on the photographic carrier.
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UDC 550.834
ON THE QUESTION OF USING HOLOGRAPHIC SYSTEMS IN MARINE GEOLOGY AND GEOPHYSICS

Leningrad GOLOGRAFIYA I OPTICHESKAYA OBRABOTKA INFORMATSII V GEOLOGII in Russian
1980 (signed to press 19 Nov 80) pp 110-121

[Article by A.V. Zuyevich, V.B. Gavryushin, V.V. Alekseyenko and V.M. Sugak from
collection of works "Holography and Optical Information Processing in Geology", ed-
ited by Professor S.B. Gurevich and Candidate of Technical Sciences 0.A. Potapov,
Leningrad Physicotechnical Institute imeni A.F. Ioffe, USSR Academy of Sciences,
500 copies, 181 pages]

[Text] The authors discuss the applicability of the holographic
method in the sonic band to the solution of exploratory geologi-
cal and geophysical problems under the :conditions encountered in
the region of the continental shelf. They describe a multi-
channel, sonic-band holographic device and experiments conducted
under conditions that were as close to natural as possible. They
present the results of these experiments, which involved obtain-
ing images of objects embedded in the ground. Finally, they ana-
lyze the problems involved in realizing marine holographic sys-
tems and give a list of prospective geological and geophysical
problems that can be solved with the help of holographic systems
under the conditions encountered in the area of the continental
shelf.

Long-wave holography is already an effective method for various types of investiga-
tions in nontransparent mediums. A number of authors have attempted to use the
holographic method in the seismic and sonic bands in both land [1-4] and sea [5-8]
research. The interest in holography is explained primarily by its well-known ad-
vantages, such as the three-dimensional nature of the image of objects being inves-
tigated, the high level of noise stability, the possibility of obtaining images of
objects with any configuration, and the possibility of processing multidimensional
information rapidly. Although these advantages are realized only partially in the
long-wave band, the use of holography in the seismic and sonic bands is promising,
according to many evaluations. One cannot think, however, that in most cases ma-
rine holographic systems are regarded as a means of solving certain problems in the
aqueous layer. In only one work [6] is there a report of experiments involving the
obtaining of images of objects located in the nontransparent ocean bottom. For a
number of reasons, however, the techniques used in these investigations are not
widely used in the practice of exploratory work at sea. Despite this, the article
cited is valuable in the sense that it turns a new page in the search for ways and
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means of investigating the ocean. The need for this search, particularly in view of
the importance of developing the continental shelf, is extremely urgent at the pres-
ent time. In confirmation of this we have the opinion of the well-known French re-
searcher K. (Riffo) [9], who writes: "...marine prospecting for useful mineral de-
posits is an expensive proposition. One of the reasons for this is of a technical
nature--we still have an almost complete lack of knowledge of how to work under wa-
ter. Modern geophysical investigative methods still do not enable us to determine
accurately the presence of deposits of useful minerals under the ocean bottom, and
the technology of deep-water geological mapping is still far from perfect."

At NIIMorgeofizika [probably Scientific Research Institute of Marine Geophysics],
the "Soyuzmorgeo" VMNPO [possibly Naval Scientific Production Association] is inves-
tigating the applicability of sonic-band holography to the solution of geological
and geophysical exploratory work under the conditions encountered on the continental
shelf. 1In this article we describe several experimental results of this research
and evaluate the prospects for the use of this method in the future.

1. Multichannel Holographic Systems

Figure 1. Diagram of a holographic system for investigating
the continental shelf.

Figure 1 is a conventional diagram of a holographic system for investigating the
shelf. The special feature of this system is the necessity of obtaining information
while ship (1) is in motion. The receiving (2) and emitting (3) systems are con-
nected to the ship. The investigated objects are located both on the bottom (4) and
in the rocks (5) of which the sea bottom (6) is composed. The thickness of the wa-
ter layer over the continental shelf ranges from 20 to 500 m. The rocks that form
the sea bottom are distinguished by the considerable range of their physical parame-
ters such as (for example) wave resistance, attenuation, porosity.and characteristic
size of the particles. The nonuniformity of the medium, the broad range of physical
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parameters, the presence of a layer of water, the specific nature of marine observa-
tions--all of these determine the considerable complexity -involved in obtaining and
processing holographic information. This facts results in the necessity of a care-
ful investigation of the capabilities of holographic systems under conditions that
are as close to real as possible.

Investigations of multichannel holographic systems in the ultrasonic band were con-
ducted with a modeling unit. The model was tank containing water, into which vari-
- ous objects were placed. 1In the work we used the aperture synthesis method, which
was realized by scanning with a linear receiving antenna. The techniques used in
the work, the equipment and the basic results of the experiments are described in
[10]. In experiments related to the testing of the resolving power of a holographic
system with a limited aperture under near-field conditions, the plane resolution was
ZXakl, while the Vertical resolution was 6l;. During the experiments, we obtained
reproduced images of the model objects with no worse than 2Ajx resolution.

1.1. Plan of the Experiment

e

Figure 2. Diagram oif conduct of experiments in a range holo-
graphic complex: 1. emitter; 2. receiving antenna; 3. load-
bearing truss; 4. rails.

Experiments that were conducted in the ultrasonic band made it possible to evaluate
several parameters of the holographic system. However, the model simulated a homo-
geneous medium, whereas in practice the medium being investigated is essentially
heterogeneous. 1In view of this, the results of the experiments cannot be used as a
_ basis for the development of a holographic system that is suitable for the solution
of exploratory problems on the continental shelf. For the purpose of testing thu
method under conditions that essentially approximate real ones, a multi channel
sonic-band holographic system was developed and experiments involving the obtaining
- of images of objects in the ground were performed. Figure 2 is a diagram of the
conduct of the experiments. The work was done in a basin measuring 50 m x 20 m x 5
1 m. Carrier truss (3), along with receiving antenna (2) and the equipment complex,
moved on rollers along rails (4). The receiving antenna contained 127 hydrophones
mounted at 5-cm intervals. When the carrying truss was moved mechanically with the

lHere and henceforth, A x is the wavelength of the sounding emissions.
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help of a motor and a system of cables, synthesis of a two-dimensional aperture
measuring 6.35 m x 6.35 m was provided. Objects located on or under the bottom of
the basin were irradiated by emitter {(1). The emitter was méunted on a raft and
could be placed at any point in the basin. The information registered during scan-
ning by the receiving antenna was transmitted over cables into the processing sys-
tem. The holograms obtained were photographed and reproduced in He-Ne laser beams.

1.2. Recording and Processing System and Basic Parameters

The holographic information recording and processing system consisted of a single
stand that contained several functional units: a control unit, a memory unit, a
television unit and a power unit. Part of the units were removable and were placed
on the truss (the blocks of amplifiers and phase detectors and the decoding unit),
which made it possible to lower the noise level and simplify the information record-
ing process.

i | , ~' _____J P[_J

R — [ .
n| :3-‘;_“9 (DD'
) .

y>—oD,

= ~  |k—{&>—en
:E TB

Figure 3. Block diagram of processing equipment of range holo-
graphic complex: Mj,...,lln = receivingy hydrophones; ¥Yj,...,¥y
= amplifiers; ®D1,...,%D, = phase detectors; I = emitter; =
generator; ¢ = phase shifter; K = electronic switchboard; UR
= recording amplifier; BIl = memory unit; YC = reading amplifier;
TB = television unit. ‘

"

- Figure 3 is a <diagram of the information recording and processing setup. Genexator

N I' excites emitter I with rectangular pulses with filling of the working frequency.
Signals reflected by the objects are picked up by receiving hydrophones INy,....,l.
The received signals are then amplified on a channel-by-channel basis by amplifiers
Yy,.004¥p and sent to the signal inputs of phase detectors ¢Dj,...,%D,. A signal
from the same generator that has passed through phase shifter ¢ is sent into the

_ phase detectors' reference inputs. The phase detectors' outputs are interrogated by
electronic interrogation commutator X and the signals are sent into the input of re-
cording amplifier YR. They are then recorded in memory unit BJl, for which a
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cathode-ray tubé with a memory (of the LN-17 type) is used. Upon completion of the
aperture synthesis cycle, a holograph is formed on the cathode-ray tube's target.
It is taken off through recording amplifier YC and sent into television unit TB for
visualization., The working frequency selected for the system was 10 kHz (Agk = 15
cm in water). “The choice of the frequency was determined by determined by the need
for operation in soil, where attenuation is quite high even for this frequency and
ranges (according to different data) from 1 dB/m to 5 dB/m for the clays making up
the bottom of the basin. The operation of all the system's working assemblies is
tied together by‘a_crystal driving oscillator on a frequency of 10 kHz. The parame-
ters of the emitteéd pulses were assigned on the control panel board and were varied
within wide limits. The duration of the pulses could be changed in 1 ms increments
in the 1-10 ms band and 10 ms increments in the 10-100 ms band. The pulse repeti-
tion rate could be set at either 10 or 50 Hz, while the filling frequency was 10
kHz. 1In addition to this, the control unit could exercise continuous control over
the lag time of the signal being read with respect to the emitted pulse within lim-
its of 1-100 ms. Continuous regulation of the time lag insures tuning on the ob-
jects being investigated.

1.3. Results of the Experiments

Using the system described above, we conducted experiments involving the obtaining
of images of objects located on and under the bottom of the basin. Objects in the
shape of the letter "T" and in the shape of two parallel segments were placed on the
bottom of the basin. The "T"-shaped object's dimensions were Skak by 10A x, while
those of the two parallel segments were 8A,x by 6A,, with the distance between the
inner edges of the segments being 4Aak' The objects were irradiated from above by
the emitter on the raft. The holograms were recorded in accordance with the de-
scription given above. The quality of the images and the resolution achieved make
it possible to identify the objects quite confidently.

The next series of experiments involved obtaining images of objects beneath the
floor of the basin. When the basin was being built, objects in the form of the let-
ters "H" and "S" were buried in its bottom. They were made of sheet steel 1 cm
thick and measured 1.5 x 2 m2 (10 x 13A§k), while the width of the individual ele-
ments.was 0.45 m (3, ). The objects were placed one above the other, with the "H"-
shaped one being 3 m below the bottom and the "S"-shaped one 1 m below the bottom.
An object in the shape of a pyramid was made from marble cubes. It measured 0.4 x
0.4 x 0.4 m3 [sic] and was located under the bottom so that the distance from the
pyranid's upper edge to the bottom was 1 m. A stationary source mounted on a raft
at some distance from the synthesized aperture irradiated the objects from above.
The reading time lag was changed by selection of the useful signal during tuning on
an object being investigated. The results that were obtain prove the possibility,
in principle, of using holographic systems for searching for and detecting objects
in nontransparent mediums.

2. Difficulties in the Realization of Marine Holographic Systems

At the present time, many examples of the realization of holographic systems in the
sonic and ultrasonic bands are known. However, they are all laboratory models. The
practical investigation of these systems under marine conditions is hindered by a

number of difficulties that must be overcome. 1In‘the first place, the use of holo-
graphic systems under marine conditions is held back by the lack of experience in
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realizing large receiving apertures at sea. For example, on the frequency of 10
kHz, a loolak aperture will be 15 m in size. It is necessary to tow antennas of
such size behind a ship, perpendicular to the direction of the ship's motion, which
is still a complicated technical problem. In connection with this, it is necessary
to take into consideration the fact that the-problem of stabilizing a towed system
still has not been solved. Holographic requirements for stabilization are quite
rigorous, which leads to a need for looking for and realizing the appropriate sta-
bilization methods.

Another important question is the lack of reliable knowledge about velocity and at-
tenuation in the soil -that makes up the sea bottom. Measurement data in the litera-
ture are scarce and are distinguished by considerable variance. The realization of
on-the-spot measurements of these parameters in the search mode’ is practically im-
possible, even for the layers near the bottom. The lack of such data is still hin-
dering the accurate interpretation and correlation of the results that have been ob-
tained.

The problem of the rapid and reliable interpretation of reproduced images remains
unsolved at the present time. It is necessary to make this interpretation in real
time, under marine surveying conditions, which is still a difficult problem. To
this problem, also, is related the question of creating memory units with considera-
ble capacity that are suitable for recording and reading information at the rate at
which it arrives. The solution of this special problem must insure the recoxding of
information and the reproduction of the image directly in the area being investigat-
ed and without interruption or omissions.

One of the problems of marine holography is the depth at which the investigation
takes place. As is known, increasing the depth means lowering the frequency, which
is unacceptable in holographic work, since this results in an increase in the size
of the aperture, the difficulties involved in the realization of which were men-
tioned above. The difficulties that have been enumerated are delaying the practical
utilization of holographic systems for surveying the continental shelf.

3. Prospects for the Use of Holographic Systems in Marine Geology and Geophysics

The world ocean is regarded as a promising area for prospecting for useful minerals.
Until now, vast expanses of the ocean have not been studied thoroughly in the geolo-
gical sense. Acoustic methods have recently begun to be used extensively to look
for useful minerals on continental shelves. This is no accident, since these meth-
ods are quite effective in the solution of problems of detailing the upper part of
layer covering the ocean bottom. Providing that the difficulties listed above are
overcome, acoustic holography systems can supplement the instrumentation and method-
ology used in investigations at sea. Under the conditions encountered on the conti-
nental shelf, with their help it might be possible to solve a whole series of prob-
lems related to the study of the ocean bottom and the sedimentary layer covering it
to depths of several dozen meters. Let us point out some of them:

1. Mapping the sea bottom for the purpose of determining microstages in bottom re-
lief and steeply dipping outcroppings of bedrock, as well as exploring and preparing
areas for drilling under conditions of considerable silting of the bottom or the
presence of a sedimentary layer.
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2. Scarching fér buried river beds, with which the presence of placer deposits of
useful minerals is very frequently related.

3. Searching for dislocations with a break in continuity, which are also related to
the presence of useful mineral deposits.

4. Searching for deposits of phosphate and polymetal concretions.

5. Searching for ore deposits, the nature of which in the shelf zone corresponds to
deposits on land as far as their basic features are concerned.

The special feature of the problems outlined above is that most of them cannot be
solved by well-known traditional methods.

It should be taken into consideration that the problem of developing the shelf in-~
cludes an entire complex of problems. Along with the problems involved in prospect-
ing for useful minerals, there will soon arise those related to their intensive ex-
traction, which will require the construction of various types of structures, such
as (for example) oil and gas lines, drilling platforms, oil storage tanks and so on.
This will make it necessary to solve a whole series of problems of a "service" type:
the preparation of areas for construction (including looking for outcroppings of
bedrock), monitoring the safety of structures (such as the integrity of oil and gas
pipelines) and so forth. Such problems can be solved by holographic methods. 1In
connection with this, we should turn out attention to [7], in which the author re-
ports on the development by the "Holosonics" Company of holographic equipment in-
tended, in particular, for monitoring the state of oil pipelines under marine condi-
tions. It is obvious that the solution of even part of these problems with the help
of holographic systems will be of considerable practical and scientific use.

Conclusions

1. Tests of multichannel holographic systems that have been developed for the pur-
pose of conducting laboratory and range model investigations demonstrated their
suitability for the solution of the problems involved in searching for and identify-
ing objects in transparent and nontransparent mediums.

2. The tests of the multichannel holographic sy:.tems showed that with their help and
a limited aperture (no larger than 45 x 45A§k), under near-field conditions no worse
than 2Mak resolution is achieved, while the reproduced images' quality is adequate
for confident identification of objects.

3. According to its fundamental capabilities, long-wave holography can be an ex-
tremely promising method for detecting, under marine conditions, diffusely scatter-
ing geological and geophysical objects lying on the bottom and in the bottom sedi-
ments at shallow depths.
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- Leningrad GOLOGRAFIYA I OPTICHESKAYA OBRABOTKA INFORMATSII V GEOLOGII in Russian
1980 (signed to press 19 Nov 80) pp 122-131

[Article by V.V. Alekseyenko, A.A. Bobin, A.V. Zuyevich, V.I. Kara and B.V. Senin
from collection of works "Holography and Optical Information Processing in Geology",
edited by Professor S.B. Gurevich and Candidate of Technical Sciences 0O.A. Potapov,
Leningrad Physicotechnical Institute imeni A.F. Ioffe, USSR Academy of Sciences, 500
copies, 181 pages]

[Text] The authors describe a coherent optical system for the
processing of geological and geophysical information that real-
izes the semiautomatic plotting of the radiation patterns of two-
dimensional graphic information. They describe the technique in
detail and present some processing results.

The study of the possibilities of using optical methods to process geophysical and
geological information is being conducted intensively both in our country and
abroad. A review of the basic achievements in this field is given in [1], where,

- however, the basic attention is devoted to the processing of seismic surveying data.

At the same time, geological material in the form of different kinds.of maps, which
is practically not suitable for processing by a computer, turns out to be almost
ideal input information for optical systems.

Most methods for the statistical processing of graphic geological information fea-
ture the plotting of rose diagrams. When done by hand, this operation is extremely
laborious, even when special reference grids ((Shmidt), (Vul'f) and so on) are
available. In connection with this, a changeover from manual methods of processing
such materials to processing by high-speed optical systems is extraordinarily ef-
fective.

The first results of the processing of lineament maps by optical methods were ob-
tained by A. Fontanel and G. Graw [2] in 1968. In the USSR, analogous work is being
done by several organizations, such as VNIIGRI [possibly All-Union Petroleum Scien-
tific Research Institute of Geological Exploration], TsGT [Central Geophysical
Trust], NPO [Scientific Production Association] "Aerogeologiya," FMI AN USSR [Insti-
tute of Physics and Mathematics, Ukrainian SSR Academy of Sciences]. The results of
this work confirm the prospects of optical processing methods, although the possi-
bilities of these methods are far from being fully used.
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Since 1978, the authors of this article have been working on the optical processing
of geological materials at the VNPO [prohably All-Union Scientific Production Asso-
ciation] "Soyuzmorgeo." The goals of this work were:

the development and introduction into production of an optical system for plotting
both radiation patterns of lineaments (DNL) and radiation patterns of the isolines
(DNI) of any parameters, including those found on topographic, bathymetric, magnet-
ic, gravimetric and structural maps, hydrological network maps and other materials;
automation of the production of DNL's and DNI's with a significant increase in oper-
ating speed, which is particularly necessary in view of the large volumes of infor-
mation gathered during regional investigations;

the optical summation and sorting of the lineaments that are obtained.

The authors have built and operated in a production mode an optical device that
plots DNL's and DNI's automatically, with a productivity rate of about 100 diagrams
per hour. At the present time, various algorithms have been used with this device
to process materials covering more than 50 million square kilometers of the Soviet
Union's territory and adjacent waters (several thousand diagrams).

The theory and principles of the construction of analogous systems are explained
quite thoroughly in the specialized literature [3,4], so here we will present only a
brief technical description of the system and the basic stages of the processing op-
eration.

*

Figure 1. Diagram of optical device.

A diagram of the device is presented in Figure 1, The light source is He-Ne laser
(1). The laser beam is broadened in beam expander (2) and directed onto optical
transparency (4), which is a microphotocopy of a map. The transparency can be moved
both horizontally and vertically, with the help of micrometric screws. In front of
the transparency there is framing window (3), which consists of two pairs of mutual-
ly perpendicular shutters set up so that the length of the rectangular window's
sides can be changed within limits of 1 to 20 mm. In our work we basically used a
square window 1-3 mm on a side. The light diffracted by the transparency strikes
lens (5), which has a focal length f = 600 mm. 1In its focal plane the lens creates
a two-dimensional Fourier spectrum from the two-dimensional function of the trans-
parency's transmission coefficient. Binary sector filter (6), which is a non-
transparent disk with symmetrical sector cutouts, the angle of opening of which can
be changed within broad limits, is located in the spectral plane. When the filter
is turned, sequential isolation of sections of the spectrum being analyzed takes
place. The light passing through the filter is concentrated by converging lens (7)
on the photocathode of FEU [photomultiplier] (8). From the FEU, the signal is fed
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Figure 2. Tests (a, b), map se~tion (c) and the diagrams corres-
ponding to them.

into amplifier (9) and then into recording unit (10). The filter's rotation is syn~
chronized with the recording unit by means of synchronization unit (11). The dia-~
gram is recorded on blanks with a polar coordinate grid. Figure 2 illustrates the
operation of the system.

It should be mentioned here that there are two basic variable parameters in the sys-
tem: the size of input window (3) and the angle of opening of filter (6). The size
of the window is selected on the basis of the original material. It is usually cho-
sen so that it corresponds to a map square with sides ranging from 30 to 100 km in
length. 1In connection with this, one transparency measuring 20 x 20 mm? [sic] con-
tains up to 100 sections. The filter opening angle is determined by the necessary
directional resolution. The choice of an opening angle of less than 5° is not advi-
sable, since the plotting accuracy of the original material itself is usually on the
order of several degrees. Moreover, in order to distinguish the prevailing direc-
tions it is sometimes convenient to increase the angle to 15-20°. Basically, we
used a 5° angle.

In order to obtain good results, a map is laid out in lines of equal thickness and
anything not participating in the processing (including isoline numbers, elements of
geographic correlation, the coordinate grid) is removed. The map is then divided
into sections (usually squares) by fine pencil lines. The area of a square depends
on the scale of the investigation; that is, the degree of generalization of the
structures. It has been established experimentally that for a map scale of
1:1,000,000, a grid in which the sides of the square are 3-5 cm long is optimal.
The map is then photographed with a reduction factor of 20-40. When doing the
photography, it is desirable to use a lens with good resolution -.and a photographic
film of the "Mikrat" type. The film is developed in a high-contrast developer and
the negative is placed in a slideholder before being introduced into the optical
system.

Geological interpretation of DNL's and DNI's is aimed at the solution of the follow-
ing problems: . )
the detection of systems of lineaments and the study of the laws governing their
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distribution (in plan);

the division of lineaments according to the
degree of expression in profile in geo-
physical fields and structural maps on dif-
ferent levels.

On the basis of the regularities governing
the distribution of lineaments in plan and
profile that were determined, the solution
of these two problems by a single method
makes it possible to discover those linea-
ments that are related to deep fault zones
6 hi and follow their temporal evolution.

" A As an-experimental region for testing the
technique, we chose the southern part of
the Ukraine. Inside this region we select-
ed sections located in known deep fault
zones: Nikolayev (A), Odessa (B, C) and
the relatively rarely delineated Tarkhankut

A
(iS;3 . (D) zones in Figure 3. These faults--par-
E:'!
1

c ticularly the first two--are described
quite thoroughly in the literature, are
clearly distinguished on the basis of vari-
ous geophysical (GZS [expansion unknown],

P l gravimetry and magnetometry) and geological
: B data, and are an integral part of the pres-
i ent tectonic structures in this region
o [T = "15,6)]. In Figure 3 we present the DNL's
Figure 3. The southern Ukraine: re- and DNI's obtained for the selected areas
sults of testing the technique. and the faults named above on the basis of

data obtained by interpreting space photo-
graphs (XS), gravimetry (G), magnetometry (M) and hydrography (GG). It is clearly
obvious that all of these data unambiguously establish the direction of the faults
that corresponds to their active distribution. As far as the Tarkhankut fault is
described, on the basis of the results obtained it can, with complete substantia-
- tion, be removed from the category of presumed faults to the category of established
ones.

In order to study the structure of the Sea of Okhotsk with this technique, the fol-
lowing maps were compiled: anomalous magnetic fields, distribution of thicknesses
of sedimentary and sedimentary-volcanic formations and hypsometric with respect to
the foundation. All the maps had a scale of 1:5,000,000 and were divided by a grid
into squares with sides 3 cm long. From each map, 158 DNI's were obtained. As an
example of the original material, in Figure 4 we show the map of the magnetic field
anomalies in .the Sea of Okhotsk. The small grid in the lower lefthand cornex, which
has a cross-shaped spectrum, is used to place the transparency in the optical system
correctly.

The plan for the analysis of the results of the optical processing of this map is

presented in Figure 5. On each DNI, lineaments in four basic directions--sub-
meridional, north-east, sublatitudinal and north-west--were isolated separately.
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Figure 4. Map of magnetic field anomalies in the Sea of Okhotsk.

As a result, the diagram shown in Figure 5.1 was obtained. The lineaments were then
broken down into the four basic types. Figure 5.2 depicts the zoning of the linea-
ments running in the submeridional direction, which is characterized by the presence
of areas of Alpine folding and the distribution of the structure-forming faults for
these areas. Figure 5.3 shows the same thing for lineaments running in the north-
east direction and characterizes the process of the formation of the Sea of
Okhotsk's basin. Figure 5.4 does the same for the sublatitudinal strike and shows
that faults running in this direction do not play a structure-determining role in
this region. Figure 5.5 depicts the north-west lineaments, which area is character-
ized by intensive, extremely recent tectonic movements. Figure 5.6 shows the layout
of the faults discovered as the result of optical processing. It was obtained by
correlating to the magnetic field the systems of lineaments depicted in Figures 5.2-
5.5.

These results, as well as the results of an analysis of the maps of the Sea of
Okhotsk mentioned above, enabled us to draw a number of conclusions cf substantial
importance and to carry out tectonic zoning of the Sea of Okhotsk region.
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Figure 5. Results of optical processing of the map presented

in Figure 4.
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The examples presented of the processing of geological and geophysical materials
again proves convincingly that the use of optical systems makes it possible to in-
crease the yield of information from these materials substantially and to formulate
and solve fundamentally new and important problems while achieving a significant
increase in the productivity of labor at the same time.

In conclusion the authors wish to express their gratitude to I.A. Garkalenko, A.V.
Semenov and V.B. Gavryushin for their useful discussion and valuable remarks, and
N.I. Yefimova and S.V. Mamontov for their assistance in the work.
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USING CATHODE-RAY MEMORY TUBES IN SEISMIC INFORMATION PROCESSING DEVICES

Leningrad GOLOGRAFIYA I OPTICHESKAYA OBRABOTKA INFORMATSII V GEOLOGII in Russian
1980 (signed to press 19 Nov 80) pp 132-142

[Article by Ye.Yu. Yakush from collection of works "Holography and Optical Informa-
tion Processing in Geology", edited by Professor S.B. Gurevich and Candidate of
Technical Sciences O.A. Potapov, Leningrad Physicotechnical Institute imeni A.F.
Ioffe, USSR Academy of Sciences, 500 copies, 181 pages]

[Text] The author analyzes the basic parameters of Soviet-made
potentialscopes from the viewpoint of their utility for recording
seismic signals. He shows that the parameters of potentialscopes
with grid control make it possible to use them in devices for the
processing of seismic information.

Success in solving problems related to the seismic surveying of the Earth's crust
for the purpose of discovering gas and oil deposits is directly dependent on the
correctness of the formulation of the geophysicai work, allowing for the specific
seismogeological conditions. The solution of this problem is facilitated to a con-
siderable extent by the use of the analysis of materials obtained in a protile in
order to make appropriate corrections in the work. Such analysis nmust, naturally,
be conducted at a rate that matches the rate of the performance of the seismic sur-
veying work.

Scientists at the VMNPO [probably All-Union Marine Scientific Production Associa-
tion] "Soyuzmorgeo" (in Krasnodar), have developed devices that make it possible to
carry out a rapid analysis of seismic data on board a ship, construct temporal seis-
mic proliles on a real time scale [1], construct deep seismic sections [2] and moni-
tor the quality of seismic material at different stages in its processing [3].
Cathode-ray memory tubes (ZELT) were used as the operational memories (02U) in these
instruments. During the development process there was a study of the parameters of
ZELT's produced by Soviet industry for the purpose of determining the possibility of
using them in devices for the processing of seismic information [4].

In this article we present some of the results of these studies.

At the present time, ZELT's with a dielectric target (potentialscopes) are the most

widely used ones. In these devices, the recording process consists of the applica-
tion of electrical charges on the surface of the target, as a result of which there
forms on the target a potential relief thac is retained for a certain period of
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time; that is, infdrmation storage takes place. Existing ZELT's can be subdivided
into groups according to the nature of the conversion of input information to output
information that they perform [9]:

ZELT's for converting an electrical signal into another electrical one;

ZELT's for converting an electrical signal into a visible image;

ZELT's for converting a visibleé image into an electrical signal;

ZELT's for converting an image into another image.

of these groups, the most suitable ZELT's for creating memory devices are those that
convert one electrical signal into another one, since this makes it possible to use
an electronic method and the appropriate algorithm to gain access to the information
recorded on their targets. In Table 1 we present the basic parameters of several
types of potentialscopes produced by Soviet industry [8,9].

- » Table 1. )
RO [9uono | Paspema- |Yacno soo-| Bpems | Ymomo’  |Yacao Ha-
- AT Inywelt | pmag coo-|OpOU3LONA-| CYATH- | OYATHP &~ RALIUBACMEX
CO6HOOTH, { MEX rpala-| PaHAd, | AUA OHrHAaxoB
- | ami/MM  jumg usodpa- o
(L)} (2) - (3) |meara (4) - (5) (6) (7
MH8(g) I 200 0 . - 32 Ix
- MHI0Z| 2 700 4 . 30 - -
HI04 | 2 500 4 80 - -
MHI7?7 | I 600 5 180 - -
18 1 800 5 300 - - -
IHIO 2 800 7 720 - 35
- Key:
1. Type of ZELT 5. Access time, s
2. Number of beams 6. Readout number
3. Resolution, lines/mm 7. Number of accumulated signals
4. Number of reproducible image grada- 8. IN...

tions

Let us dwell briefly on the characteristics of the ZELT's under discussion. In the
LN8 potentialscope, recording and reading are accomplished because of overcharge
processes on the target that are based on secondary electron emission; that is, the
recorded information is destroyed during the reading process. This limits the num-
ber of readouts or, in the case of digital recording, requires regeneration of the
recorded information. The advantage of the LN8 potentialscope is its ability to ac-
cumulate (integrate) signals (up to 128), which makes it possible to use it to iso-
late useful information against a background of interference. The LN8 potential-
scope's integrating properties make it possible to use it in digital-analog complex-
es for the processing of seismic information [10,11], although the small capacity of
- its memory (up to 40,00. bits on the target during digital recording [9]) limits its
utility.

The LN102 and LN1O4 potentialscopes are two-beam grafekony [translation unknown]
based on the recording of high energy (10-12 kV) excited by conductivity with the
help of a beam and overcharge reading. The recording method makes it possible to
obtain high resolution, although their read time is limited. Grafekony make it pos-
sible to obtain a half-tone image with four or five gradations. The presence of two
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beams makes it possible to have different types of scanning, functioning simultane-
ously, for each beam. This makes it possible, in particular, to review the recorded

_ information on the kinescope's screen, the scanning of which is coupled with the

i scanning of the reading bear, it being the case that the scale of the image being
read can, within certain limits, be changed by varying the reading beam's scanning
voltages. This makes it possible to review individual fragments of the image on a
larger scale, which reduces to a certain degree the effect of the line structuxe of
the kinescope's raster on the ZELT-kinescope's xresolution.

In recent years, Soviet industry has mastered the production of potentialscopes with
recording because of secondary electrons eon a penetrable dielectric target and read-
ing by grid control; these are the LN17, LN19 and LN19 potentialscopes. In them is
realized a mode in which there is no contact between the target's charged elements
and the reading electrons. As with electron tubes, this is achieved by negative
displacement of the potential of the target's dielectric with respect to the reading
projector's cathode. Overcharge processes do not appear in this mode, for all prac-
tical purposes, while the nondestructive access time is determined by the target's
conductivity and ion seeding. As far as resolution and number of gradations are
concerned, ZELT's with grid control are better than arafekony. The LN17 and LN18
potentialscopes are single-beam clevices and are used to record single signals or
television pictures, with subsequent reproduction of the information on the desired
time scale and with the desired beam-scanning rule. They have the capability to ac-
cumulate signals on the target by repeated recording without erasing, although this
parameter is not presented in the certification information. The LN19 potential-
scope is a double-beam one. Information recording and reading are done on different
) sides of the target, in connection with which there is no seeding of the target with
_ reading electrons, which provides an extended reading time: the best examples of
this potentialscope permit reading for up to 100 minutes. An important feature of
the LN19 potentialiscope is its ability to accumulate incoming signals. The number
of linear accumulation cycles is at least 35 (this:parameter actually varies between
45 and 60). As is the case with a grafekon, the LN19 potentialscope provides the
possibility of reading the information as it is being recorded, which makes it pos-
sible to create different electronic information processing systems that are coupled
with a device for depicting the information on the screen of a cathode-ray tube
(kinescope), thereby providing visual observation of the processing operations.

Having discussed the parameters oif these ZELT's, we can draw the following conclu-
sions:

- the best accumulative properties of the potentialscopes we have discussed belong to
the LN8 integrating instrument (see Table 1).

However, the low resolution results in the necessity of placing the information from
even a single seismogram on severai ZELT's [11], which makes it impossible to create
sufficiently simple devices for the visual depiction of the information being pro-
cessed. A substantial shortcoming of the LN8 potentialscope is the destruction of
the information during the reading process, which limits the number of readings from
each element to no more than 32. This means that during raster readout according to
the television standard for the purpose of reviewing on the kinesccpe's screen, the
recorded information is destroyed in less than 2 seconds, since thc.e are 25 read-
outs per second from each element.

Potentialscopes with grid control can ke used Lo create devices for depicting seis-
mic information. They have the highest resolution, a nondestructive readout method
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and a sufficient number of transferable image half-tones (gradations). Of this ser-
ies of potentialscopes, the best parameters belong to the two-beam LN19 instrument.
Its great advantage is the possibility of observing the information on the screen of
a cathode-ray display during the recording process.

Let us evaluate the frequency properties of the LN19 potentialscope. It is conven-
ient to relate the temporal frequency at the ZELT's input and output to the sgpatial
frequency v, which characterizes the ZELT's resolution and is numerically equal to
the number of lines recorded per unit of target length:

| \)=$k=_f&e.,l

where f,, fc = temporal frequencies of the recording and reading signals, respect-
ively; vy, Vo = rates of movement of the beam along the target during recording and
reading.

The spatial frequency characteristic of the
LN19 potentialscope is shown in Figure 1,

=3
=3
:

_§ where the spatial frequency, expressed as
8] the number of lines on the target's diame-
3 ter, is plotted on the x axis, while the
L 2 percent of modulation of the signal that

g has been read is plotted on the y axis.

o®

The zone bounded by curves 1 and:2 is the
field of permissible technological varia-
tion in the resolution of individual exam-
ples of the potentialscope. As is obvious
from the figure, when v increases the sig-
nal at the ZELT's output is reduced because
of the finite dimensions of the electronic
spot during recording and readinqg.

60

/|

The recording speed is

V=g
where @ = diameter of the target; t, = time
required for the passage of the beam along
the diameter during recording. Taking into
consideration the fact that v = N/d, where

. o | 200 | 40 0  swo w0 N N is the number of recorded lines on the
‘ lines/diametey ' target's diameter, let us find the expres-
Figure 1. Spatial frequency charac- sion for the frequency of the signals being
teristic of the LN19 potentialscope. recorded:
=V-V:—‘—C—j-"M=—M|
Jo=v. i,d 7%,

When recording sinusoidal signals, each period of the sinusoid is recorded by two
lines, so that

fiFﬁ/;‘ (1)
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Let us evaluate the IN19 potentialscope's capabilities for recording seismic sig-
nals. In order to do this, we will find the upper recording frequencies f,;, for dif-
ferent recording times. When plotting seismic sections, we will obviously not use
the entire area of the target, but only a square with sides & = d//E, so that for
this case equality (1) takes on the form

N
Jo=amE (2)

where N = number of lines on the diameter, as determined by the curves in Figure 1.
According to the producer plant's specifications, N is selected at the level of 50-
percent modulation. '
fok ' )
Figure 2 shows the results of the calcula-
tion of the maximum seismic signal frequen-
o0i- cy that makes it possible to record with a
s , potentialscope, as a function of the re-
cording time. The calculations were made

in accordance with equality (2) for the
cases of maximum and minimum resolution of
the potentialscope (curves 1 and 2 in Fig-
ure 1).

When recording seismic information, one
must deal with seismic waves that have ar-
rived from different depths and, conse-
quently, through different number of layers
of different thickness in a real mcdium
that has filtering properties and affects
the spectral composition of the oscilla-
tions being registered (12,14]. It is a
well-known fact that as the depth of the
. . layer increases, for reflected waves there
o ' s 3 . ss/Iine occurs a lowering of the predominant fre-
Figure 2. Dependence of maximum seis- quency of the spectrum of seismic oscilla-
mic signal frequency on recording tions being recorded. For recording times
time on the LN19's target. of 3,...,5 seconds, the predominant fre-
quency of the seismic signal spectrum lies
in the 20,...,30 Hz range, and increases to approximately 100,...,150 Hz for u=cord-
ing times of 0.3,...,0.5 seconds {[12]. Comparing the data on the frequency speutrum
of a seismic signal with the frequency characteristic of the LN19 potentialscope
(Figure 2), we see that the potentialscope's resolution makes it possible to record
seismic information both in the standard recording interval t, = 5 s and when the
recording period is shortened (to 1-2 s, for example) for the purpose of studying
the upper part of a section in more detail. Increasing the maximum possible record-
ing frequency on the potentialscope while shortening the duration of the recording
period makes it possible to record seismic vibrations that increase in frequency as
the depth decreases. The modern technique of multiple observations provides a dif-
ferent overlap multiplicity factor, depending on the specific seismological condi-
tions. The maximum multiplicity factor equals the number of reception points in the
receiving system. For example, for a 24-channel receiving system the number of
overlaps is usually chosen as 3, 6, 12 or 24. A higher overlap multiplicity factor
is used for complex processing algorithms, a high level of interference and when a
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48-channel receivihq and recording device is used. For the sake of achieving opera-
tional and rapid processing, in most cases it is possible to restrict oneself to an
overlap multiplicity factor of no more than 24 or, as a rule, 6 or 12, which makes
it possible to obtain a resultant signal within the limits of potentialscope's dy-
namic range when the signal level is chosen appropriately. In connection with this,
naturally, it is necessary to compensate for the nonlinearity of the potential-
scope's modulation characteristic and use the appropriate controls in the seismic
signal channel.

On the basis of what has been said, the following conclusions may be drawn.

1. High-speed operational memories with an adequate capacity, which are needed for
the creation of seismic section plotting devices, can be built on the basis of
cathode-ray memo#y tubes (potentialscopes).

2. The storage of information recorded in a ZELT's memory in the form of an image
makes it possible to use ZELT's as a basis for building simple and efficient devices
for depicting graphic information.

3. In order to create devices for the depiction-of graphic (seismic) information, it
is advisable to use two-beam potentialscopes with grid control that have high reso-
lution and a nondestructive information readout method.

4. An investigation of ZELT's has shown that the following basic parameters are pro-
vided for seismic section plotting devices based on them:

a dynamic range of at least 30 dB (see Table 1);

a frequency range of up to 50 Hz for a recording length of 5 s, and up to 200 Hz for
a recording length of 1 s;

high operating speed, which insures the plotting of sections on a real time scale.

5. The use of two-beam ZELT's having separate scanning devices for each beam makes
it possible to build devices providing:

visualization of the information being recorded during the profile plotting process,
which makes it possible to actively influence the plotting process by making the ap-
propriate adjustments;

evaluate the obtained seismic section and eliminate the recording of intermediate
results during the selection of the parameters;

change the scale of an image by varying the scanning voltages of the ZELT's reading
beam, which makes it possible to reduce the effect of the line structure of the ras-
ter of the display cathode-ray tube on the device's resolution.
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ubC 550.834
PRINCIPLES OF THE COLOR VISUALIZATION OF SEISMIC DATA

Leningrad GOLOGRAFIYA I OPTICHESKAYA OBRABOTKA INFORMATSII V GEOLOGII in Russian
1980 (signed to press 19 Nov 80) pp 143-153

[Article by V.I. Dubyanskiy and V.A. Starodubtsev from collection of works "Holo-
graphy and Optical Information Processing in Geology", edited by Professor S.B.
Gurevich and Candidate of Technical Sciences O.A. Potapov, Leningrad Physico-
technical Institute imeni A.F. Ioffe, USSR Academy of Sciences, 500 copies, 181
pages]

[Text] The authors discuss the importance of color as an addi-
tional parameter that facilitates the interpretation of seismic
recordings. They propose methods for the color depiction of seis-
mic sections and specific ways of realizing them.

The use of color in seismic surveying and, in particular, seismic holography offers
the prospect of increasing the information content of seismic images through the de-
piction of a set of additional data and parameters embedded in the processing algo~
rithm. There are two ways to obtain a color image of an object: additive (supple-
mentary) and subtractive (deductive) mixing of three colors. Additive mixing of
colors takes place when the retina of the eye is struck simultaneously or in rapid
succession by several emissions of different colors that, in the general case, come
from different spontaneously emitting sources (Figure 1). An analogous effect ap-

- pears when one observes a white surface with colored spots, the angular size of
which is less than the minimum size resolvable by the eye. In connection with this,
the eye transmits the impression of a single color. The summary color depends only
on the color of the emissions being mixed, which makes it possible to calculate it
by calorimetric methods. By mixing three colors it is possible to obtain any color
in the color spectrum inside the triangle with apices that lie at points cprrespond-
ing to the color index of the emissions being mixed.

Subtractive mixing of colors occurs when emissions from a single source pass through
successive filters or pigments are mixed on a carrier (Figure 2). The color of the

- mixture depenils on the absorption of the illuminating light in the separate filters
or pigments and is determined by the spectral characteristics of the source and the
spectral transmission or reflection curves of the mediums absorbing the light. Sub-
tractive mixing takes place in color cinematography, color photography, printing and
so on.

Let us discuss the possible principles of the color depiction of the dynamic and
kinematic characteristics of seismograms and sections. The dgeneral principles of
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amplitude (1) and energy, with commutation on three levels; b. with re-
spect to amplitude (1) and energy (2); c. with respect to frequency. Def-
initions: L(R) = divergence function registration unit; ¥ = amplifier;
e~0R = absorption function registration unit; 1 n/n B, 2 n/n B = half-wave
and full-wave rectifiers; ®HH = low-frequency filter; DK = discriminator;
K = commutator; CM; 5,3 = light modulators; ¢ = filter; D = threshold di-
vider; T® BH, CH, HH = high-, medium~ and low-frequency bandpass filters;
H¢1,2'3 = color filters for basic colors of the spectrum; YC = combining
unit; CI = color image; O = illuminator; H/B ®P = black-and-white photo-
graphic recorder.

e —{ ] i el
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Figure 2. Diagram for obtaining color images by the additive (1) and con-
tractive (2) methods.

obtaining a color image are: 1. color separation of the original image's parameters
into three components--Fj;, F, and Fg; 2. coloration of the color-separated functions
by the basic colors of the spectrum of white light--Cy, Cy and C3; F3 = f(Ccy), Fy =
= £(Cy), Fy = f(c3); 3. additive or contractive nixing of the colored color-
separated functions in order to produce a summary color image:

/ (CI + Cy + Ca) =F (C).
In seismic surveying, the color spectrum can depict the following basic parameters,
the choice of which depends on the formulation of the surveying assignments: 1. dy-
namic characteristics of seismic signals in the spatiotemporal plane of a seismogram
or a temporal section (for example: amplitude, energy, spectral characteristics);
2. dynamic characteristics of a holographic image of a section obtained as the re-
sult of the diffraction conversion [2,3] of seismic signals (the values of the re-
flection or absorption factors); 3. kinematic characteristics of temporal or holo-
graphic sections (distribution of bed velocities, angles of inclination of
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reflecting boundaries, diffraction areas); 4. local and integral distribution of
relative values of kinematic and dynamic characteristics and so forth.

The transformation of seismic frequencies into visible spectrum frequencies makes
obvious physical ‘sénse. This transformation must be done with due consideration for
some similarity fattor (K) that allows for the relationship of the optical (A5) and
seismic (A,) wavelengths in the scale of the final image. 1In this case the seismic
image that is obtained will be colored in "natural" light. Let us make our choice
of the similarity factor for the low-frequency compone..:s of the spectrum of seismic
| and light (red) waves, which are the most stable in an absorbing medium. Let us as-
sume that the length of the low-frequency seismic wave in the medium is Ac = 100 m.
On the scale of the seismogram's image (M = 1:10,000, for example), the length of
the reference seismic wave will be A} = MA, = 10 mm. We will determine the color
similarity factor for the low frequencies from the relationship

B ap -
where XEP = 71-107° mm = the wavelength of red light. The similarity factor turns
out to be

K = 71.1075,

The value of the frequencies of the narrow-band filtration of the seismogram for
isolating the reference wave with length A, = 100 m in sections with different aver-
age elastic wave propagation rates (vy)_is established from the relationship

f¢(1)=—;‘ﬁ—.
We are interested in the values of the basic band filtration frequencies for a
color-separated seismogram, which correspond (for example) to the yellow and violet
basic colors of the visible spectrum. Taking the previous relationships into con-
sideration, it is possible to write (in general form)

=K Lo

where ffs = necessary frequency of color separation of the seismogram; Agv = wave-
length of "visible light. The formula that has been obtained makes it possible to

i determine the band frequency filtration parameters for seismic signals for the pur-

- pose of color separation for mediums characterized by Jifferent average velocities

’ (Figure 3). For example, for a medium with ¥ = 3.0 km/s, the color red should cor-

respond to seismic frequency f; = 30 Hz, green to f, = 40.6 Hz and violet to f3 =
= 51.9 Hz. Additive mixing of the color-separated signals that have passed through
the bandpass filters with frequency characteristic maximums f1+ £f5 and £3 and have
been colored réd, green and violet, respectively, will make it possible to obtain a
color image of a seismogram where the color range corresponds to the distribution of
the seismic frequencies in the medium. The application of the basic colors in dif-
ferent combinaticns gives a full spectrum of additional colors, which in turn depict
certain frequency characteristics of the seismogram being visualized.

Inasmuch as the relationships depicted in Figure 3 are of a linear type, let us ap-
ply the principle of superposition to the application of the colors. From here it
turns out to be possible to calibrate the additional colors in the image that is ob-
. tained according to the seismic frequencies that correspond to them or, according to
the color in the image, to determine to which signal frequency it corresponds. For
example, for Vv = 3.0 km/s, orange in the image corresponds to a signal on frequency
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Figure 3. Nomogram of parameters of color separation with respect to fre-
quency: 1. red; 2. orange; 3. yellow; 4. green; 5. blue; 6. violet.

£ = 34.2 Hz, while for light blue it is 45.3 Hz (Figure 3). It is a well-known fact
that green is a combination of yellow and blue. If the principle of superposition
is implemented, the arithmetical mean of the color-separated seismic frequencies
corresponding to these colors must equal the seismic frequency of green:

Sea = d{"—;-if-'-‘-”— = M——J——-—; + 450 AIHz

Using the graph (Figure 3) to determine the frequency of green, we obtain the value
’ ﬁ‘n' 40.6"'41 EZ.

Color separation of seismic signals can also be done with respect to amplitude-
energy characteristics. In this case the summary color image will depict the dis-
tribution of the dynamic parameters in the plane of the seismogram. The choice of
the basic tones of the seismic data's color separation will be determined not by the
medium's parameters, but by the interpretation algorithm. )

Color separation with respect to an amplitudinal feature must allow for the factors
affecting the amplitudes of reflected waves. In a homogeneously stratified struc-
ture characterized by absorption factor a, the amplitudes of the reflected waves al-

se depend on the source's directivity I(w), the divergence factors L(R), and reflec-
tion from the boundary K(w) and the diurnal surface (conversion) [4,5]:
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_ﬂ«ﬁj_wz
Awr = X0 e

where w = frequency of the oscillation, R = path of the wave in the medium.

The reflection and absorption factors K(w) and o are immediate characteristics of
the medium's properties. The goal of color visualization is to depict the medium's
dynamic characteristics for the purpose of enlarging the information content of
seismic surveying work, as well as (in some cases) to search directly for deposits
of useful minerals.

In order to solve this problem, it is necessary to distinguish and isolate the fac-
tors characterizing the medium from the overall group of functions affecting the re-
flected wave's amplitude and then subject them to color separation. For constant
values of the source's directivity function, the reflected waves' intensity depends
to a considerable extent on the reflaction factor and the divergence function [3,4].
Permanence of the source's directivity function is best maintained during seismic
observations at sea, while under land conditions--particularly when the upper part
of a section has a complicated structure (in ore regions, the trappean provinces of
Siberia), it is practically impossible to take the source's directivity into consid-
eration. In a rough approximation, therefore, we must assume it to be constant for
standard sources of the explosive type. Exceptions are nonexplosive sources and ex-
plosive sources having assigned and controllable directivity characteristics [5,6],
which must be taken into consideration during color separation of a function of a
medium's dynamic characteristic.

The formula for A(w) is rigorously accurate for any stable frequency and a single
harmonic w = wy (i = 1,2,3,...). If absorption in the medium is ignored, this for-
mula expresses the wavé's amplitude, since there is no dependence on frequency. If
the wave's shape changes, this formula expresses the amplitude spectrum of the com-
ponents. During the standard reproduction of a seismic recording without expansion
of * ae signals into their spectral components, the formula expresses the amplitude
of a reflected wave on a visible frequency.

The strongest effect on the amplitude is exerted by the divergence function L(R) in
the medium, which in homogeneous and yradient mediums is described by the principles

- of geometric seismic surveying [4,5]. In order to obtain a medium's dynamic charac-
teristics in “"pure" form, the divergence function must be compensated for by (for
example) using programmed regulation of the amplification. The divergence and ab-
sorption functions in a medium change a signal smoothly in time toward diminution.
Therefore, they can be allowed for simultaneously and compensated for by programmed
amplification of the reflected signals. In this case the reflected waves' ampli-
tudes will depend oly on the reflection factors for I{(w) = const. The color image
of the seismogram obtained by color separation of the function

Atw) =DF LK w1l

will depict the medium's reflecting properties. Here,

_Jww)
D =Dwr) = Lm}(

The energy characteristics of seismic signals can be obtained by full-wave rectifi-
cation and smoothing by low-frequency filters. In this case the modulating function
corresponds to the total area of the signal being reproduced.
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Depending on the method used to synthesize the color image, absolute or relative
values of the parameter being reproduced will be depicted in it.

The use of the method of color separation with discrimination with respect to given
levels and subsequent commutation of the parameter with respect to three color chan-
nels makes it possible to depict the absolute values of the parameter being repro-
duced in color (Figure 1). Each of the color-separated transparencies will contain
parameters only on its own discrimination level. This method, for example, can be
used to obtain three color-separated masses of seismograms, on each of which are
waves with dynamic characteristics given beforehand. On the summary color image,

_ signals obtained from seismic boundaries with different reflection factors will ap-
pear in different colors. In this case, intermediate reflection factor wvalues (ly-
ing between the three given during color separation) will be depicted by inter-

- mediate colors, according to the principle of superposition of the basic colors of

- the visible spectrum. The reflection factors' values can be calculated by determin-
ing the color's coordinates by calorimetric methods (quantitatively) or qualitative-
ly, according to a standard scale that allows for the original levels of color sepa-
ration of the parameter being reproduced.

The use of controllable levels of color separation for seismic data makes it possi-
ble to realize the "bright spot" method; that is, discrimination on the image of ob-
jects with dynamic parameters that are given in advance or expected. The "bright
spot" method is used for direct searches for useful mineral deposits.

The method of colox separation with respect to dynamics and separate commutation
makes it possible to solve the problem of separating a wave field into its compo-
nents: regular waves and the wave background. If the regular waves, for example,
are reflected as if from a mirror and have clearly expressed dynamic and correlation
properties, the wave background has a diffraction character in the form of separate,
short cophasal axes with different orientations.

The nature of the wave background has not yet been studied sufficiently well, al-
though there are all grounds for assuming that it is related to local irregularities
scattered throughout the medium. The depiction in color of the wave background's
properties will make it possible to supplement our ideas about a medium that is be-
ing investigated because we will obtain the dynamic characteristics of the diffract-
ing objects as well as those of the smooth, mirror-reflecting boundaries.

On the whole, color separation with commutation on three color channels makes it
possible to depict, on a summary color image, any interrelated and unrelated parame-
ters of an object, divided into three independent groups according to the operator's

- judgment. For example, this could be the results of directional filtration of the
cophasal axes with respect to three apparent velocity values; the results of exten-
sive profiling, the distribution of the parameters of the average velocities in a
section, the amplitudes of the reflected signals of the visible periods of longitu-
dinal and transverse waves and so on, rising and falling vertical seismic profiling

B waves. For example, the additive combination of the color-separated results of ex-
tensive profiling with respect to three parallel profiles makes it possible to ob-
tain a three-dimensional illusory image.

X The use of the method of caelor separation of seismic information by levels, without
- commutation, for three color channels makes it possible to depict on a summary color
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image the relative values of the parameter being reproduced, such as amplitude. In
order to do this, the scale of the amplitudes of the registered signals within the
limits of the recorder's dynamic range are divided into three color-separated lev-
els, while the color signals that have passed through these levels are summed up in .
a single channei, as the output of which the following pattern is seen:

F(A;) ~ ACy = £(C1) = low signal level;

F(Ay) ~ ACH + Cp = £(Cy) = medium signal level;

‘ F(A3) - AC, + Cy +Cy= £(C3) = high signal level.

Low-level signals are depicted by variations in the color £(Cj); medium-level ones
by the same for £(C,), in which light C; is a constant component; high-level ones by
variations in £(C3), in which Cy and Cy fsic] are constant components. Thus, on the
summary color image, the color range depicts the relative values of the seismic sig-
nals' amplitudes.

The use of this method makes it easy to reproduce in color the smoothly changing
functions of a medium such as the average velocity of the elastic waves in the plane
of a section, the absorption function, the average amplitude levels, wavelengths and
other integral characteristics.

The principles of the color depiction of seismic data that were explained above have
been partially realized in the "Geospektr-1" equipment complex, which was developed
in Voronezh State University's Seismic Holography Laboratory.
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[Article by O.T. Oleynik from collection of works "Holography and Optical Informa-
tion Processing in Geology", edited by Professor S.B. Gurevich and Candidate of

_ Technical Sciences O.A. Potapov, Leningrad Physicotechnical Institute imeni A.F.
Ioffe, USSR Academy of Sciences, 500 copies, 181 pages]

[Text] Since the basic intermediate carrier of seismic informa-
tion at the present time is a photographic layer, the author stud-
jes its information characteristics and shows that it is possible
to obtain a dynamic range of seismoholographic images of up to 65
dB and more.

The method of seismoholographic transformations on a plane makes it possible to plot
a field of imaginary emission sources and permits scale transformation of this
field. Scale transformation makes it possible to transfer each imaginary source to
- the point of intersection of a reflecting boundary with a central beam [1]. The
transformed field of imaginary points describes geometrically the field of mirror-
reflecting boundaries at the points where they intersect with the central beam.

In view of the fact that the imaginary emission points are formed by broad seismic
pulses, each imaginary point has the form of superimposed rhombs formed by the
intersection of a pair of cross bearings [2]. The rhombs' long diagonals coincide
with the normals to the central beams. One rhomb corresponds to one observation
base and one detonation point. The sequence of normal rhombs interpolates the re-
flecting boundary in the same manner as wr2n graphic plotting by the method of ima-
ginary points is used [3].

In contrast to the graphic realization of the method of imaginary points, in seismo-
holographic transformations the essential role is played by the width of the seismic
pulse and its amplitude. They determine the degree of overlap of adjacent normal
rhombs and the continuity of the correlation of the reflecting bcundaries.

In most cases the parameters of the seismoholographic transformations can be chosen
in such a manner that each point of a seismic boundary is accumulated by n signals,

where n is the number of observation points of a single installation [2]. This cre-
ates conditions for improving the signal-to-noise ratio by a factor of vn.
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It is a well-known fact that with magnetic tape it is possible to reproduce an ana-
log electrical signal in a dynamic range on the order of 50 dB. Such a dynamic
range is sufficient to transmit, without amplitude distortion, all the information
obtained during.recording times that are longer than 1 s [4].

The realization of 24-fold holographic accumulation expands the dynamic range of the
resulting materials by a factor of 24 and extends it up to 54 dB.

When prozessing the materials of S-fold overlaps by the seismic holography method
within the limits of a profile length equal to the observation base line, S rhombs
that are normal to the central beam are formed, with the number of accumulations
within the limits of the normal being n. For all practical purposes, these normals
overlap completely (the overlap factor is 1 - 1/S) and form in the field of the
seismoholographic image a resulting normal with nS(1 - 1/S) accumulations. In the
case of an S-fold observation system, this improves the signal-to-noise ratio by a
factor of YnS(1 - 1/S) and causes an enlargement of the same magnitude of the dynam-
ic range. 1In particular, for S = 12 the signal-to-noise ratio is improved by a fac-
tor of 16, while the dynamic range of the seismoholographic images can reach 65 dB.

- An improvement in the signal-to-noise ratio that appears after summation makes it
possible to distinguish weak signals that remain outside the field of vision during
analysis of the primary materials. This is the basic advantage of summing systems.

As experience has shown, the high efficiency of summation operations is the basis

for their use in the primary stage of the analysis of seismic information [5]. At
the present time, the method of field observations and the processing of materials
with respect to a common deep point [MOGT] is widely used under production condi-

tions.

The effectiveness of summation of the seismoholographic transformation method is
greater than the effectiveness of MOGT summation. This follows from the fact that
during the realization of S-fold MOGT in the plane of an image, on a profile length
equal to one observation base line, n common deep points are formed with a number of
accumulations (for example, 24 points with 12 accumulations); that is, the gain in
the signal-to-noise ratio is only /S. For a 12-fold system it will be 3.5, which
corresponds to an extension of the dynamic range to 51 dB [6].

There arises the question of which accumulation technique is preferahle: 24 points
with 12 accumulations each (MOGT) or one normal with 264 accumulations? The un-
ambiguous choice of the transformation technique is determined by the nature of the
seismic material and the purpose of the field investigations.

Under conditions where high resolution along the profile is necessary--that is, when
the work is aimed at finding small structural elements--preference should be given

- to differential summation with respect to individual points, as is done in MOGT. If
homogeneous strata with poorly contrasting transitions are being investigated, then
in order to detect weak reflections it is necessary to increase the statistical ac-
cumulation effect and here the capabilities of the seismic holography method should
doubtlessly be used.

The processing of field seismic materials by the seismic holography method demcr:-
strated the validity of the premises explained above [7].
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There exists yet another fact that demonstrates the advisability of increasing the
number of summed signals: the statistical effect of reducing the summary signal's
dispersion with respect to a single measured signal.

This effect is described by the method of least squares as

'éin = So ,
Qm—i
where o, O, = dispersion of the sum and a single signal; m = number of summed sig-
nals.

Thus, for a 12-fold observation system, seismoholographic transformations on a plane
reduce the root-mean-square deviations of the original signals' phases and ampli-
tudes by a factor of 16, while for MOGT the reduction factor is 3.5. From this fol-
lows the conclusion that as far as noise stability and accuracy of the obtained im-
ages are concerned, the method of seismoholographic transformations on a plane is
better than MOGT by a factor of 5, given the same original information.

On the other hand, in order to achieve the same results with respect to the indicat-
ed parameters, the seismoholographic transformation method can use original informa-
tion about phase and amplitude dispersions that exceed the allowable dispersions for
MOGT by a factor of 5.

If we take as an example an allowable phase dispersion on an image of 0.1 period
(5-10 m in depth), original MOGT materials must be prepared with an accuracy of no
worse than 0.35 period (17-35 m), while for the seismoholographic method the permis-
sible error in the original data input is 1.7 periods, ox 85-170 m.

This fact makes it possible to use the seismoholographic plotting technique to pro-
cess seismic materials with a low level of orderliness and under conditions of lim-
ited knowledge of prior data about the section.
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[Text] The authors explain the results of modeling that they car-
ried out and that indicate the area of applicability of methods
for transforming a wave field Ty when plotting deep sections, de-
pending on the velocity model of the medium being studied.

A new field has appeared in seismic methodology: seismic holography [1,2], the ba-

sic assignment of which is to reproduce a deep section by transformation of the wave
- field. 1In a number of organizations in this country that are involved in the pro-
cessing of seismic data, analog equipment has been developed for the processing of
continuous seismic profiling materials by the method of isochrones (by V.D.
Zav'yalov [3] in L'vov, by V.I. Dubyanskiy in Voronezh, by Ye.Yu. Yakush [4] in
Krasnodar and in other places). In the Southern Branch of the USSR Academy of
Sciences' Institute of Oceanology, computers have been used for the mathematical
modeling of the method of isochrones realized in these instruments, which are de-
vices for plotting deep seismic sections.

The technique used in seismic profiling work determines the form of the observed
wave field. 1In single-channel seismic profiling, where the seismic signal source
and receiver are collocated (this profiling technique is sometimes called the cen-
tral beam (TsL) method), the wave field is recorded normally to the reflected rays.
In seismic surveying it is called field Ty. In multichannel profiling, the receiv-
ing system consists of 24 or more receivers arranged in a straight line. As a rule,
the source is placed at one of the ends of this line. In this case, a spatial wave
field with multiple overlapping (6-, 12-, 24-fold or more) is registered.

In this article we discuss methods for transforming wave field Ty obtained by
single-channel seismic profiling. The special feature of field Ty is that the iso-
chrones for the two classes of waves--reflected and diffracted--are described by

the same equations. The registration time of a reflected and a diffracted wave at a
reception point is always twice the time of propagation of the wave from the source
to the reflecting boundary or the diffracting point. Wave field Ty/2 should be used
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Figure 1. Methods of transforming wave field T0/2 into a deep section: a.
circular scanning of the seismic track; b. first method, V = const.; c.
second method, vcp = ¢ (Zmax)7 d. third method, ch =& (2); 1L = true iso-
chrone; 2 = isochrone calculated by an approximate method.

to obtain an image of a reflecting boundary or a diffracting point. Otherwise, if
the To field is used we will obtain an image of the trajectory of an imaginary
source in the case of reflected waves or a cloud of points corresponding to a dif-
fracting element.:

The essence of the isochrone method is well known. On a seismogram, each seismic
wave pulse corresponds (in the ideal case) to a reflecting area or diffracting point
that can be located (generally speaking) at any point on an isochrone (Figure la).
If there is preliminary information on the structure of the section and the probable
angles of inclination of the reflecting boundaries, the area of existence of the
isochrone is reduced. Isochrones are constructed for all the seismic pulses. The
brightness (intensity) of the isochrone is determined by the seismic signal's ampli-
tude. Thus, an isochrone that has reached a reflecting boundary or a diffracting
point is depicted by a brighter line. For adjacent points on a profile, isochrones
corresponding to the same reflecting element will be arranged side by side, while
their envelope will depict the location of the reflecting element. The envelope is
not found in any of the deep section plotting devices, which use the points of
intersection of adjacent isochrones. At the point of intersection, the iwage's
brightness increases. The set of bright points forms the image of a line that cor-
responds to the reflecting boundary with adequate accuracy. The method of iso-
chrones transforms a field of diffracted waves into a image of the diffraction
points.

The accuracy of the isochrone method is determined by the accuracy with which the
shape of the wave front is calculated. The 'degree of distortion of the real
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geological section reproduced by the isochrone method depends on the accuracy with
which the wave front is plotted. 1In order to calculate the shape of the wave front,
several approximate methods are used that differ in the velocity models used for the
medium.

In an example of a very simple model of a medium--a gradient half-space in which the
velocity increases with depth according to a linear law--we will demonstrate the
differing nature and magnitude of the distortions resulting from the use of approxi-
mate methods of transforming wave fields into deep sections.

First Method. Let us replace the gradient medium by a medium with a constant aver-
age velocity in such a manner that the depth of occurrence of the reflecting element
corresponding to the maximum registration time, as calculated by by approximate and
accurate methods, coincides. For a medium with a constant wave front velocity there
exist neighborhoods L )
2 _ /) 2

)(z*'z -—(cha..‘T), (1)
the radius of which changes proportionally to the wave's arrival time. All iso-
chrones differing in time by the constant value AT are eqgually remote from each oth-
er within the limits of the entire section (Figure 1lb). The true isochrones are al-

so presented in this figure. The equation of the isochrone for the gradient half-
space is expressed in analytical form:

X’*[Z-J-{— (cé/%_/&t)-iﬂa-=ﬁ;skzn{,‘/3f) . 2)

From the figure it is obvious that the first method for transforming a wave field
into an image of the medium is the most approximate one and is characterized by the
maximum distortions.

Second Method. This transformation method allows for a change in velocity in the
medium with depth, but the wave front is constructed on the assumption that up to a
given isochrone (that is, to the depth of the ray's maximum vertical penetration),
the medium is characterized by the constant average velocity

L .
X*+Z*=(Vip (Zemar) - T)%, (3)
This method is realized in the holographs developed in L'vov and Voronzzh (by
zav'yalov and Dubyanskiy). In this second method the seismic track is preliminarily
transformed and the temporal axis is transformed into a depth axis with respect to

the change in the average velocity with depth. Circular scanning is then carried
out on a mirror cone and the isochrones are obtained.

The second method's accuracy varies sharply, depending on the reflecting boundary's
angle of inclination (Figure lc). The larger the reflecting boundary's angle of
inclination, the higher with respect to the isochrone (the section) the reflecting
element must be located, the greater the error admitted in the velocity, and the
more significant the discrepancy between the true and approximate wave fronts. From
the figure it is obvious that even for a boundary angle of inclination of more than
10°, an isochrone calculated according to the second method moves quickly away from
the real one. At a depth of about 9 kmthe difference is about 1.0 km, while the in-
clination of the boundary at that point does not exceed 20°.

Considering the large distortions contributed by the second method to the transfor-
mation of wave fields into a deep seismic section, its area of applicability is
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extremely limitedi: It is suitable for mediums characterized by boundary surfaces

- with small angles of inclination amounting to only a few degrees. For almost hori-
zontal mediums, however, it is possible to confine oneself to stretching the tempor-
al section with respect to depth proportionally to the propagation rate of the seis-
mic waves. Consequently, if the wave field is represented by reflected waves, the
necessity of transformation by circular scanning is absent. If there are diffracted
waves in the wave field, the second transformation method makes it possible to "pur-
ify" the section of these waves (so~called "whiskers"), but in connection with this
a general transformation background will appear. It should again be emphasized that
even in the case of diffracted waves the second method is suitable for mediums in
which the diffraction points are located close to the vertical axis.

2, » R Third Method. As does the second, this
™| method for transforming a wave field into a
deep section allows for a change in the av-
s : erage velocity with depth, but differs in

that the isochrone is calculated with a
variable velocity

Xe+2 = (Vep (3) 77 (4)

The wave front's ‘curvature changes continu-
ously, depending on the velocity at the
given depth (Figure 1d). The third trans-
formation method is more accurate than the
two outlined above. A wave front calculat-
ed by the third method has a form that is
close to the real one. For example, the
maximum difference in the position of iso-
chrone T0/2 = 4 is 0.43 km (in the second
method it is more than 5 km).

The third method for transforming a wave

field into a deep section also contributes

distortions, with their value basically in-
X, Ccreasing as the wave front propagation time
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0 * 18 B T ) does and (to a lesser extent) as the velo-
- Figure 2. Absolute error in calculat- city gradient does. If we set the permis-
ing an isochrone according to the sible isochrone distortion at no more than
third method: 1. area of distortions 0.04X, where X is the isochrone's x axis,
of no more than 4 percent. then all isochrones with time Tg/2 of less

than 3.4 s are located in the area of per-
missible distortions (Figure 2). To a depth of about 9 km, the section will be dis-
torted within allowable limits.

A curvilinear vertical cone is no longer suitable for the egquipment realization of
the third method. In the third method it is necessary to have a preliminary calcu-
lation of the isochrone for each moment of time and to derive it on an accumulating
device, such as a cathode-ray memory tube [4], or a computer's memory, or on a
photographic layer.

The third method for transforming a wave field into a deep section was tested on a
six-layer model that is close to a real section of the Black Sea basin. The
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velocity curve was given in the form of a broken line: at depths of 0, 2, 4, 6, 10
and 20 km, the following velocity values were assumed: 1.5, 2, 3, 6 and 8 km/s.

In each layer the velocity changes according to a linear law, with no discontinui-
ties at the boundaries. This velocity curve was used to calculate the curve of the
average velocities, after which the third method was used to calculate the approxi-
mate isochrones. For isochrone Ty/2 = 3 s, five points were checked by an accurate
solution according to the "Check of the Direct Problem" program formulated by M.Ye.
Romanov, a worker at the Novosirbirsk Computer Center, Siberian Department, USSR
Academy of Sciences. The results of the check with the precise solution are pre-
sented in the table.

Distance with respect to X, km 4,387 4,031 3.508 2.709
Depth Z, km 1.0 2.0 3.0 4.0

Exrror AT, s -0.0081 0.0181 0.0754 0.0826
Error AX, km -0.0122 0.0272 0.1319 0.1652

From the results of the calculations it is obvious that the absolute error increases
with depth. At a depth of 4 km, the temporal error is 83 ms and the distance error
is 165 m. The relative accuracy or degree of distortion of the section is about 3
percent. It is noteworthy that the accuracy of the construction of a deep section
by the third method does not depend on the reflecting boundaries' angle of inclina-
tion. This is quite obvious from the figures and the table. The greater the boun-
dary's angle of inclination, the shallower the depth at which the boundary must lie,
while when the depth decreases there is a decrease (1) in the magnitude of the abso-
lute error.

The mathematical modeling that has been carried out shows that the third method for
transforming a wave field into a seismic deep section can be used when processing
continuous seismic profiling data.

The programs for computing the isochrones were written in FORTRAN, for a BESM-4m
high-speed computer.
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ON THE REALIZATION OF COMPLEX FILTERS IN POLARIZED LIGHT

Leningrad GOLOGRAFIYA I OPTICHESKAYA OBRABOTKA INFORMATSII V GEOLOGII in Russian
. 1980 (signed to press 19 Nov 80) pp 167-173

[Article by V.P. Ivanchenkov and P.V. Mineyev from collection of works "Holography
and Optical Information Processing in Geology", edited by Professor S.B. Gurevich
and Candidate of Technical Sciences O.A. Potapov, Leningrad Physicotechnical Insti-
tute imeni A.F. Toffe, USSR Academy of Sciences, 500 copies, 18l pages]

[Text] The authors discuss a method of synthesizing complex spa-
tial filters on the basis of the properties of polarized light.

In an example of a concrete system, they demonstrate the possibil-
ity of obtaining a filter with a real alternating transfer func-
tion. In order to synthesize the complex filter, the function de-
scribing it is presented in the form of the sum of real and imagi-
nary parts, the signs of both of which can change. The authors
show that when the system's elements are arranged in a certain way
and an additional phase shift between the components of the light
field's polarization is introduced, the filter's complex transfer
function can be synthesized.

In connection with the optical filtration of signals, it is frequently necessary to
synthesize both alternating and complex functions. The basic feature of the reali-
zation of complex spatial filters is that in any recording medium, only signals de-
scribed by real non-negative functions can be recorded. When the widely known meth-
ods for synthesizing such filters in analog and discrete form are used, they make it
possible to obtain a useful response located outside a system's optical axis, which
creates definite difficulties during processing [1,2].

The method proposed in [3] for carrying out complex spatial filtration on the basis
of the properties of polarized light forms a filtered image on the optical axis and
has the advantage of a large format, but it requires the use of special film of the
"Polaroid Vectograph" type, which has low resolution.

In this article we discuss a method for synthesizing complex spatial filters in
polarized light that does not require the use of special carriers for its realiza-
tion.

A special but practically important case of spatial filtration is the obtaining of
a filter with a real alternating transfer function. Let us discuss the possibility
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Figure 1. Optical diagram of filtration of alternating function: 1. plane
of input image; 2, 1ll. Fourier lenses; 3, 10. semitransparent mirrors; 4,
9. mirrors; 5, 7. polarizers; 6, 8. frequency planes with optical trans-

parencies; 12. analyzer; 13. plane of the output image.

of its realization, using as an example the system represented in Figure 1. A
transparency with the amplitudinal transmission coefficient ¥(x,y) is located in the
forward focal plane of lens 2.

Polarizers 5 and 7, the planes of transmission of which are parallel to the OX and
OY axes, respectively, are set up in frequency planes 6 and 8 in front of the trans-
parencies. In order to calculate optical devices in polarized light it is conven-
jent to use matrix methods [4]. In our further analysis we will use (Dzhons's)
method and limit ourselves to a quasimonochromatic approximation. In connection
with this, the light beams at the outlets of polarizers 5 and 7 can be represented

as Dzhons vectors: e e
£e ti2, 1T 0
[ i ﬁy;/ and ’ (1)

where E,(xg,¥g) = component of the beam that has passed through polarizer 5;
E, (x¢,yg) = component of the beam that has passed through polarizer 7. Let us as-
sume that the moduli of these components are equal:

16 05,4501 =lfy-@;,,,”f/| =4 S { Yizyl}, (2)

where F{ } = symbol of Fourier transformation. In the general case, the amplitude
coefficient of the optical transparency's transmission coefficient can be represent-
ed as

irx,,y;) ='£'[f"f(ﬂ'f,‘}/‘;l], (3)
where g(xf,yf) = a real function limited by the values

-4 <do/x,,;/,/ A . (4)

Optical transparencies 6 and 8, on which are recorded some functions gj (xf,yf) and
g, (xg,¥f) that satisfy condition (4), will have transmission coefficients t; (xg,¥¢)
and tp(Xg,yg). The light beams modulated by tj (xg,v¢) and t,(xg,yfg) can be repre-

sented as . ) -
Ty [ F Vel ¢s62f, /,/] and [ 0. ]
2 0 F{ Vaaglts 2 45,
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Provided that thé state of polarization of the output beam is not taken into consid-
eration, the operation of analyzer 12 can be described by the vector line [3]
[cos Y 2n ¥ , (6)

where ¢ = angle between the plane of transmission of analyzer 9 and the OX axis. 1In
this case the resulting distribution of the scalar amplitudes in the plane 13 of the
output image is

o [‘7[%&;;}2;/} btz gyl

RAET7E § P llos ¥4 ¥ | 3 1 ¥ nyyb b x| "

When (3) is taken into consideration, (7) can be written as
Y (-s-gr = f FIF(Hig gt} [cos ¥+ in ¥ +
+ 94 (25, Y5 1 €08 ¥ + @g (%, 4, ) e Y]}

Let us assume that ¢ = -n/4 and gl(xf,yf) = -g2(xf,yf). In this case, tl(Xf,Yf) and
to(xg.yf) are the positive and negative recording of alternating function g(x¢,yg).
Expression (8) then takes on the form

‘fj'(éx,y/ =j-o"" {FI Vl{-ﬂ;él/] g%, P (9)

Thus, the desired alternating transfer function of the filter can be realized quite
simply in accordance with (4) and (9).

(8)

In order to synthesize the complex filter, let us represent the function describing
the filter as the sum of real and imaginary parts, the signs of both of which can
change:

//(.cf,y,e) =Atry, )+ 805 g5 (10)

23

Figure 2. Optical diagram of complex spatial filtration: 1. plane of the
input image; 2, 21. Fourier lenses; 3, 10, 14, 20. semitransparent mir-
rors; 4, 9, 13, 19. mirrors; 5, 7, 15, 17. polarizers; 6, 8, 1€, 18. fre~
quency planes with optical transparencies; 11. lens; 12. phase plate; 22.
analyzer; 23. plane of the output image.

Let us discuss the possibility of realizing a function of this type with the help of
the system depicted in Figure 2. It consists of two units, each of which synthe-
sizes a real bipolar function according to the method previously discussed.

In order to obtain the imaginary part, between the units we introduce phase plate
12, which introduces a relative difference in phases between the polarization
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components. Its matrix representation has the following form [3]:
: "D(Lrﬂ ] '
(11)
0 ( id)

We will now discuss the possibility of realizing the complex function by turning
pairs of polarizers 5, 7 and 15, 17 and phase plate 12, relative to their own opti-
cal axes, through angles wp, © and wy, respectively.

In frequency planes 6 and 8, the distribution of the amplitudes can be represented

_ 4 J[)"r\%g/}[ﬁﬁ]“‘/(‘z?"«"ﬂ] “ (12)
{—f{)"@y/_} [ﬁ;ﬁ,g,} [1+;(x,,y,1] (13)

The lenses and free space do not exert any effect on the polarization of the light
beams. This makes it possible to examine, independently of each.other, the scalar
and polarization characteristics of the light beams between polarizers 5, 7 and 15,
17.

Lens 11 performs the function of transferring the images, it being the case that
- planes 6, 8 and 16, 18 are situated at a distance of double its focal length away
from it.

The rotation of phase plate 12 through angle 6 relative to the OX axis is determined
by the product of three matrices [4]:

o8 0 4ire 6] kzbtu’f 0 Jcodamc’} an
Mi= -0 cos® (i) [-4:n0 cosol,
Let us assume, as before, that the amplitude transmission coefficients of transpar-
encies 16 and 18 are

t (Jj,#/) a4 [1 f (utj,f.;/]
by (24,4 % LL+g'tzs 0]
By analogy with (14), the matrix representation of the set of the second pair of

polarizers 15 and 17, rotated relative to their respective optical axes through an-
gle wy, and transparencies 16 and 18 has -the form

08 ma&,} [1—1 174, %4) 0 ] [“M onish
, _ .
M, f[wmr dsupll O 1eptEgy,)l L4wed o
The distribution of the scalar amplitudes in the rear focal plane 23 of lens 21
(which carries out the Fourier transform), allowing for the effect of analyzer 22,
can then be represented as

i 'f)(-a,—y/ =?(Z J{.ﬁ'ﬂ’(ﬁyﬂ[m y4in ¥IX

. costvg - Wy grxJ,yf)rm.‘r‘ +4wu&)]}
XM'M‘ [‘0‘ W + 3 Wy 39 (R, Ys) (cOSUE— sinokz)

(15)

where
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, oSy -ginuy ~Plo" Yl it
# [eog ¥4in YT M M, o8 Wit + gin Ul 405y, 4] (Cod Wy (16)
is nothing other than the filter's transfer function H(xg,ye).

Assuming in (16) that wy = -n/4, 8 = 1/2, § = /4, Wy = n/4, ¢ = n/2, after the
transformations we obtain

f{(’td’r’.\", =g-% [[‘k('z{’ﬁfj/ —‘a ,/ﬂ:}‘, i‘; /] +£€e /J-:,(,}Zf/ ':f/'ﬂ‘;;u;'/fg (17)
For wy = wy, = 1/4, 0 = /2, § = /4, $ =0,
. - 7 . P
H sy, = ;f’;, (L2062, 304 (7, Jell=¢ [ s pil+g mﬂlﬂ (18)

Thus, from (17) and (18) it follows that the system depicted in Figure 2 makes it
possible to synthesize the filter's complex transfer function. The analysis that
was made of expressions (16), (17) and (18) shows that for inaccuracy in the instal-
lation of the polarizers amounting to +1°, the values of the factors entering the
complex transfer function will change less than 0.0l1. Besides this, it should be
mentioned that a change in the angle of rotation of phase plate 12 will have an ef-

- fect only on the coefficients for the imaginary part of the complex transfer func-
tion, leaving the real part unchanged. This makes it possible to control, within
certain limits, both the amplitude and phase of the filter's complex transfer func-
tion. :

The filter that we have been discussing has a pcsitive property: the capability of
creating at its output a unique, axial, useful signal. In order to realize the fil-
ter it is possible to use such well-known recording mediums as photographic £ilm or
plates with high resolution.
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PROCESSING SEISMIC SIGNALS WITH DEPICTION OF DYNAMIC CHARACTERISTICS

Leningrad GOLOGRAFIYA I OPTICHESKAYA OBRABOTKA INFORMATSII V GEOLOGII in Russian
1980 (signed to press 19 Nov 80) pp 174-178

[Article by L.Ya. Maslina and L.P. Dunayeva from collection of works "Holography and
Optical Information Processing in Geology", edited by Professor S.B. Gurevich and
candidate of Technical Sciences 0.A. Potapov, Leningrad Physicotechnical Institute

- imeni A.F. Ioffe, USSR Academy of Sciences, 500 copies, 181 pages]

[Text] The authors explain a method for studying the dynamic
characteristics of seismic waves that makes it possible to obtain
additional information for the prediction of the presence of
hydrocarbon deposits.

The use of coherent optical systems for the processing of geophysical information is
an urgent problem [1]. In particular, the utilization of such systems for the pro-
cessing of large volumes of seismic information is promising.

Let us discuss a method of processing seismic signals obtained by the reflected wave
method during geophysical investigations for the purpose of finding gas and oil de-
posits.

Since reflecting boundaries coincide with the boundaries of lithological-
stratigraphic horizons, a study of the nature of the reflections makes it possible
to obtain data on the structure of the geological strata and, in particular, the
presence of a nonuniformity of the deposit type.

Changes in the spectral composition of the waves and their intensity have various
causes: absorption of high frequencies, a change in the shape of the vibrations at
interfaces, interference from nearby boundaries and so on. Because of the diversity
of the wave propagation and interference conditions, the problem of using seismic
data to discover directly the effect of a deposit is quite complicated. 1In order to
increase the nonambiguity of the decision made about the presence of an oil or gas
deposit in a section, it is necessary to conduct an integrated examination of the
diagnostic indicators inherent in a deposit, using various seismic (and geophysical)
parameters [2,3]. i

The special feature of the proposed method is that information about the dynamic
characteristics of the waves is depicted invariantly on an amplitude and time scale,
which insures the possibility of using coherent optical systems for the operational
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identification of anomalous effects caused by deposits. The effects are identified
by the method of optical matched filtration, using standards obtained for surveyed

deposits in the territory being investigated as the matched filters. As a result,

it proves to be possible to make an operational evaluation, under field conditions

(and on a real'ime scale), of the prospects of the section under investigation.

In the method for processing seismic signals that we are discussing, information is
extracted from the relative change in the periods and amplitudes of seismic vibra-
tions with respegt to a section. Before this is done, we must synthesize the field
of relative phase changes, which can be registered in any previously assigned scale
invariantly to the amplitude and time scale of the incoming seismic signal [4,5].

The original signals are a seismic station's output signals, stored in analog or di-
gital memory systems and read in the form of electrical signals.

In order to construct the field of relative phase changes, the seismic vibrations on
each track are formalized in the form of pulses, the temporal position of which cor-
responds to the maximum (or minimum) amplitude of the vibration.

The distance between the pulses corresponds to the seismic vibrations' period. 1In
the chosen time interval, the periods of the vibrations for each of the tracks are
compared.

The field of the relative phase changes is synthesized in the form of signs on each
track that characterize the relative change in the duration of each subsequent peri-
od of the vibrations relative to each preceding one along the track.

As a result of the comparison, the following decisions are made. If the duration of
the subsequent period is greater than that of the preceding one, this situation is
marked by the sign "+"; if it is less, it receives a "-" sign. A "-" sign corres-
ponds to equality of the periods, while when there is a "malfunction"--that is, when
the duration of the period being measured exceeds a given value--no sign is given.
The sequence of signs is registered on a common scale for all the tracks and over a
common interval of time. The signs for adjacent tracks are compared and the zones
where identical signs are grouped along a profile are noted, along with their loca-
tion with respect to the seismic section's depth. BAn alternation of signs charac-
terizes a change in the wave field's phase, while continuity of tracking along a
profile of identical signs indicates stability of the values of a reflected wave's
periods over a given time interval.

The technique can be realized in the form of a structurally simple device that can
be attached to a seismic station's equipment complex and that makes it possible to
obtain a preliminary evaluation of the nature of a wave field, while performing

field research, for the purpose of detecting anomalous effects caused by a deposit.

Visualization of the relative deviations of a wave field's phase can be carried out
on a color television screen.

At the same time, the output data can be recorded on any information carrier, such
as thermal paper, in the form of signs (with the help of a thermal printing head),
in the matrix of liquid crystal memories, on standard or color photographic film and
so forth.
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Figure 1. Fields of relative changes in periods of seismic vibrations out-
side a deposit (a), near a deposit (b) and within a deposit (c¢): 1. in-
crease in the period; 2. decrease in the period; 3. equality of periods;
4. gas and oil deposit.

Key: 1. gas and oil deposit

Analogous transformations can also be made in order to obtain information about the
nature of the change in amplitude of the seismic vibrations.

. An experimental test of this processing technique was carried out on the basis of
materials obtained in the Zhetybay gas and oil deposit (southern Mangyshlak), which
is an area where there has b en intensive drilling. In Figure 1 we see the original
material and the results of processing in three sections of the profile: outside
the deposit (la), near and on the edge of the deposit (1lb), and inside the deposit
(1c). It is obvious that in separate intervals in the section, at distances of up
to 350 m, we can trace groups with similar sequences of phase changes (along the
profile), such as group A at time 1.1-1.2 s. With some interruptions, the nature
of the phase change in these groups is correlated along the profile and character-
izes stable phase relationships caused by the reflecting boundaries. 1In the deposit
section (Figure lc), we can trace group A, but in the interval 1.4-1.7 s the tracea-
bility of the identical signs along the profile deteriorates and the field becomes
less regular. In the vicinity of the deposit, on the section of the profile adja-
cent to its edge, we see a "column" of sequences with periodically changing signs,
to the left of which the field is made much more complicated by interference. The
traceability of the reflections improves over the productive bed.

These features, when used together with other anomalous parameters, can be used to
predict the presence of deposits in a given region by modeling them in the form of
standards of individual patterns and using a coherent optical system, the develop-
ment of one of the variants of which is now taking place at MIREA [{expansion un~
known] .

The automatic processing of seismic information, with depiction of the field of rel-
ative phase changes on a real time scale, determines the possibility of using the
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model of a sigﬁél to isolate information about the presence of features determining
the boundaries of a deposit.

1.
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